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NASA TT F-15,209 

WEIGHTLESSNESS 

I .  D .  Pestov and F.  J .  Gerathewohl 

INTRODUCTION - /4*  

The development of cosmonautics poses many new s c i e n t i f i c  and p r a c t i c a l  
problems f o r  physiology and medicine. 
f a c t  t h a t  t he  l i f e  and a c t i v i t y  of cosmonauts dur ing  f l i g h t  proceed under t h e  
s p e c i f i c  condi t ions  o f  weight lessness .  

These problems are mainly due t o  t h e  

The k i n e t i c  and dynamic condi t ions which are c rea t ed  under the  in f luence  
of  g r a v i t a t i o n a l ,  i n e r t i a l  and ex te rna l  f o r c e s ,  lend weight t o  bodies ,  c r e a t e  
t h e  condi t ion  o f  s u b g r a v i t a t i o n  (or  reduced weight ) ,  and weight lessness ,  are 
well known [ l l l ,  2021 and w i l l  be d iscussed  he re  only b r i e f l y .  The weight o f  
a body is  a func t ion  o f  a given mays which is  sub jec t ed  t o  t h e  a c t i o n  of a 
given f o r c e  and t h e  dynamic condi t ions i n  which t h e  body f i n d s  i t s e l f .  I t  has 
been found t h a t  t h e  value which i s  t h e  shorthand r e p r e s e n t a t i o n  f o r  t he  
s t anda rd  a c c e l e r a t i o n s  of t h e  a t t r a c t i o n  of t h e  E a r t h ' s  g r a v i t y  (g ) i s  con- 

venien t  for express ing  t h e  acceleration a c t i n g  on a body and t h e  va lue  which is 
t h e  s tandard  shorthand r ep resen ta t ion  f o r  t he  weight o r  f o r c e  a c t i n g  on a body. 
This  i s  s u f f i c i e n t  f o r  e s t a b l i s h i n g  a p r a c t i c a l  system o f  u n i t s  i n  which t h e  
u n i t  o f  a c c e l e r a t i o n  i s  equal  t o  l g  and the  u n i t  o f  f o r c e  i s  1 G .  In  t h i s  
sense ,  weight means t h a t  a given mass i s  sub jec t ed  t o  the  a c t i o n  o f  a given 
fo rce  o f  g r a v i t y .  Inasmuch as the real  f o r c e  a c t i n g  on t h e  body and produced / 

by acce le ra t ion  is equ iva len t  t o  the  weight of t h e  body t h e  symbol may be  
used i n  space biology and medicine f o r  r ep resen t ing  both t h e  fo rce  and t h e  
weight.  The u n i t  o f  a c c e l e r a t i o n  (g ) i n  t h i s  system is  always a cons tan t ,  

i . e . ,  9 .81 m/sec2, while  t h e  u n i t  o f  fo rce  v a r i e s  f o r  bodies  with d i f f e r e n t  
masses [202]. 

0 

0 

In  a l l  cases o f  f r e e  motion of a body, t h e  f o r c e  o f  i n e r t i a  balances t h e  /5 - 
f o r c e  o f  g r a v i t a t i o n  a t  any po in t  on t h e  t r a j e c t o r y .  The so -ca l l ed  s t a t e  of  
"freedom from g rav i t a t ion"  develops. However, t h i s  de te rmina t ion  i s  i n -  
s u f f i c i e n t l y  accu ra t e  f o r  t h e s e  condi t ions ,  s i n c e  t h e  body is  cons t an t ly  sub- 
j e c t  t o  t h e  a c t i o n  of t h e  f o r c e  of g r a v i t a t i o n  of  t he  Earth o r  o t h e r  heavenly 
bodies .  Therefore ,  such a s t a t e  is descr ibed  as "weightless" o r  t h e  condi t ion  
o f  "zero G", s i n c e  t h e  r e s u l t a n t  of  t h e  fo rces  a c t i n g  on t h e  body and caused 
by g r a v i t a t i o n  and i n e r t i a  i s  a c t u a l l y  equal  t o  zero [185]. 

*Numbers i n  t h e  r i g h t  hand margin i n d i c a t e  pagina t ion  i n  fo re ign  t e x t .  
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On t h e  o t h e r  hand, t he  term "weight lessness"  i s  widely used f o r  descr ib-  
ing  the  sub jec t ive  impressions of man i n  s i t u a t i o n s  when he does not have any 
sensa t ions  o f  h i s  own weight o r  i s  i n  a s t a t e  of  zero G .  Other s t a t e s  which 
a r e  accompanied by a decrease i n  the  sensa t ion  of weight,  such as immersion i n  
water ,  a suspended s t a t e  o r  condi t ions t h a t  a r e  a s s o c i a t e d  with a decrease i n  
f r i c t i o n ,  i m i t a t e  weight lessness  more o r  l e s s  e x a c t l y .  They a re  used f o r  
s imula t ing  condi t ions  o f  weight lessness  and eva lua t ing  i t s  in f luence  on t h e  
human organism, toge the r  with bed r e s t .  Although the  e f f e c t s  of such in -  
f luences  a r e  based on t h e  i n t e r a c t i o n  of "hypokinesia", i . e . ,  l i m i t a t i o n  of  
s p a t i a l  c h a r a c t e r i s t i c s  of  motion and "hypodynamia", i . e . ,  a decrease i n  i t s  
fo rce  component, they a r e  no t  i d e n t i c a l  t o  t h e  s t a t e  o f  weight lessness  as f a r  
a s  determinat ion i s  concerned. A t  zero G ,  t h e  body i s  completely f r e e  of  
suppor t ,  weight less  and f l o a t s  f r e e l y  i n  space (Figure 1 ) .  

The b i o l o g i c a l  e f f e c t s  of zero G ,  on t h e  b a s i s  o f  t h e  phys ica l  cha rac t e r -  
i s t i c  o f  t h i s  s t a t e ,  must be t h e  same, r ega rd le s s  of  whether i t  develops i n s i d e  - / 6  
o r  o u t s i d e  the  g r a v i t a t i o n a l  f i e l d  o f  t h e  Ear th .  However, it has been suggest-  
ed t h a t  inhomogeneity o f  t he  force  f i e l d s  ma3 promote t h e  development of 
i n t e rmolecu la r  fo rces  i n  t h e  organism. Depending on t h e  d i s t a n c e  t o  t h e  
heavenly bodies ,  d i f f e r e n t  e f f e c t s  may be produced. Inasmuch as the  s tudy  of  
t h i s  problem i s  of s c i e n t i f i c  i n t e r e s t  under var ious  condi t ions  o f  b i o l o g i c a l  
i n t e r a c t i o n s ,  t he  s tudy of  t he  medical a spec t s  o f  weight lessness  i s  o f  primary 
importance f o r  f u t u r e  space f l i g h t s  as well as luna r  and p l ane ta ry  expedi t ions .  
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Figure  1. Astronaut Edward White 11, F loa t ing  
Freely i n  Space During t h e  Space Walk From t h e  
"Gemini-4". 
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I .  WEIGHTLESSNESS AS A SPECIFIC CONDITION AND EXTREME 
SPACE FLIGHT FACTOR 

1. The S ign i f i cance  of  t h e  Gravi ta t iona l  Forces i n  t h e  Regulation of  t h e  
Constancy o f  t h e  I n t e r n a l  Environment of t h e  Organism 

The opinion i s  gene ra l ly  accepted t h a t  l i f e  a rose  under condi t ions  i n  
which the  e f f e c t  o f  t he  E a r t h ' s  g r a v i t a t i o n  was cons tan t .  Organisms of  a l l  
v e r t e b r a t e s  inc luding  man c o n s i s t  p r i m a r i l y  of c e l l s ,  i n t r a c e l l u l a r  f l u i d  and 
s o l i d  subs tances .  S ince  t h e  inf luence  of  g r a v i t a t i o n a l  forces  on t h e s e  
s t r u c t u r e s  d i f f e r s ,  achievement of phys io logica l  homeostasis a rose  i n  t h e  
course o f  evolu t ion  by t h e  establ ishment  o f  c e r t a i n  r e l a t i o n s h i p s  between t h e  
p r i n c i p a l  components of  t h e  body. Constancy o f  t h e  i n t e r n a l  environment of  
t h e  organism, t o  a l a r g e  e x t e n t ,  depended upon t h e  a b i l i t y  o f  suppor t ing  
s t r u c t u r e s  t o  counterac t  t h e  force o f  g r a v i t a t i o n  [263].  

In  t h e  course of  evo lu t ion  l i f e  probably passed through t h r e e  s t a g e s .  I t  
appeared i n  an aqueous medium, then propagated i n  t h e  atmosphere and on t h e  
s u r f a c e  o f  t h e  land. 
processes  i n  organisms l i v i n g  i n  an aqueous medium and on dry  land i s  d i f f e r e n t .  

The inf luence  of weight on t h e  r egu la t ion  of  v i t a l  

Inasmuch as t h e  organism of  animals t h a t  l i v e  a te r res t r ia l  form of l i f e  
c o n s i s t s  of  s t r u c t u r e s  with d i f f e r e n t  d e n s i t i e s ,  t h e  e x t e r n a l  fo rces  tend t o  
change t h e i r  shape u n t i l  they a re  counterac ted  by o t h e r  f o r c e s .  The s t r e s s e s  
t h a t  ar ise  under these  condi t ions vary a t  d i f f e r e n t  p o i n t s  on t h e  body and i n  
t h e  f i n a l  a n a l y s i s  are t ransmi t ted  t o  t h e  ske le ton .  A s  t he  weight load on t h e  
ske le ton  inc reases ,  i t s  s t r e n g t h  must i nc rease  as well. However, as f a r  back 
as 1638 Ga l i l eo  no t i ced  t h a t  i f  the weight of a body t h a t  has  a cubic  shape i n  
t h e  s imples t  case  inc reases  i n  proport ion t o  i t s  volume (or t h e  cube of  t h e  
l i n e a r  dimension), t h e  a b i l i t y  t o  wi ths tand  t h i s  weight w i l l  i n c r e a s e  only i n  
propor t ion  t o  t h e  a r e a  o f  t he  cross s e c t i o n  (or t h e  square o f  t h e  l i n e a r  
dimension [277]) .  Therefore ,  i n  l a rge  land animals t h e  r a t i o  between t h e  
mass of  t h e  ske le ton  and t h e  mass o f  t h e  body i s  g r e a t e r  than i n  small ones. 
Prolonged a c t i o n  o f  g- forces  on a c e n t r i f u g e  inc reases  t h i s  r a t i o  i n  exper i -  
mental animals and a l s o  leads  t o  t h e  development of  o t h e r  morphological and 
func t iona l  changes [214, 2771. However, t h e  r e s i s t a n c e  t o  a change i n  weight 
has been found t o  be  a func t ion  o f  t h e  mass o f  t h e  body [161].  

- / 8  

I t  i s  i n t e r e s t i n g  t h a t  i n  the case o f  mammals which i n  t h e  course o f  
evo lu t ion  have re turned  t o  l i fe  in  an aqueous medium, t h e  r e l a t i v e  weight o f  
t h e  ske le ton  ( i n  pe rcen t  of  body weight) i s  less than  i n  terrestr ia l  mammals. 
This probably has  t o  do with t h e  lower magnitude o f  t h e  weight load on t h e  
suppor t ing  s t r u c t u r e s  under condi t ions of  immersion i n  water. S i m i l a r  con- 
d i t i o n s  have been observed i n  these  animals as far  as t h e  r e l a t i v e  weight o f  
t h e  marrow i s  concerned, which i s  an important  focus o f  t h e  hemoglobin 
s y n t h e s i s  [ 681 . 

Counteract ing t h e  f o r c e  of grav i ty  is accomplished not  only by the  
s t r e n g t h  and t h e  func t iona l  organiza t ion  o f  t h e  ske le ton ,  bu t  a l s o  by t h e  
a c t i v e  p a r t i c i p a t i o n  o f  t h e  s k e l e t a l  musculature.  The formative in f luence  of 
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t e r r e s t r i a l  g r a v i t a t i o n  on t h e  bone and muscle system i s  p a r t i c u l a r l y  ev ident  
i n  the  process  of  evolu t ion  of  t e r r e s t r i a l  organisms, and they have acqui red  
the  a b i l i t y  t o  maintain t h e i r  posture  and move about i n  space,  overcoming t h e  
e f f e c t s  of g r a v i t a t i o n .  Water organisms t h a t  are p laced  on dry land ,  as a 
r u l e ,  do not  have t h i s  a b i l i t y ,  s ince  i n  t h e  environment t o  which they  are 
accustomed t h e r e  i s  p r a c t i c a l l y  no d i r e c t  need f o r  overcoming the  fo rce  of  
g r a v i t y ,  i f  we do n o t  consider  the problems t h a t  are a s soc ia t ed  with t h e  
e x t e r n a l  p re s su re  on t h e  body. 
s a t i s f a c t o r i l y  only under c e r t a i n  condi t ions  o f  weight stress, determined 
p r imar i ly  by t h e  c h a r a c t e r i s t i c s  of  i t s  support  and motor appara tus .  

- /9 

In o t h e r  words, a l i v i n g  organism can func t ion  

The in f luence  o f  t he  fo rce  of g r a v i t y  a l s o  makes i t s e l f  f e l t  i n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  d i s t r i b u t i o n  of  t he  f l u i d  medium i n  t e r r e s t r i a l  
organisms, which has t o  do with the presence o f  h y d r o s t a t i c  p re s su re  o f  t h e  
f l u i d  o r ,  i n  o t h e r  words, with i ts  weight.  Figure 2 shows var ious  l e v e l s  o f  
blood p res su re  i n  d i f f e r e n t  p a r t s  o f  t h e  ar ter ia l  vascu la r  t r e e  under d i f f e r e n t  
g r a v i t a t i o n a l  cond i t ions ,  according t o  t h e  laws o f  h y d r o s t a t i c s .  The changes 
i n  t h e  d i s t r i b u t i o n  of t he  blood which occur*under  t h e  inf luence  of  grav i -  
t a t i o n a l  fo rces  and acce le ra t ions  affect not  only t h e  c i r c u l a t i o n  of  t h e  blood 
bu t  t he  func t ion  of  t h e  lungs as well [276] .  
t h e  cons iderable  d i f f e r e n c e  between t h e  s p e c i f i c  g r a v i t i e s  o f  blood and a i r ,  
which are on oppos i te  s i d e s  o f  a t h i n ,  d e l i c a t e  a l v e o l a r  membrane, t h e  lungs 
are damaged under the  in f luence  o f  g - forces  be fo re  o t h e r  organs a r e .  

We know f o r  example t h a t  due t o  

Adjustment t o  h y d r o s t a t i c  r e d i s t r i b u t i o n  o f  t h e  blood i n  t e r r e s t r i a l  
animals i s  provided by neura l  and hormonal r e g u l a t i o n  mechanisms. In  t h e  case /10 
o f  man, who has a v e r t i c a l  o r i e n t a t i o n  with r e spec t  t o  t h e  ground, t h e  signifi- 
cance o f  t h e s e  accommodative mechanisms are p a r t i c u l a r l y  g r e a t .  

- 

?he f o r c e  o f  g rav i ty  a l s o  governs the  r e g u l a t i o n  o f  t h e  i n t e r n a l  environ- 
ment o f  t h e  organism, as well as i t s  growth, shape, e n e r g e t i c  s t r u c t u r e ,  
o r i e n t a t i o n  and behavior .  Spec i f i c  examples o f  t h i s  dependence can be seen  i n  
t h e  phenomena o f  geotropism i n  p l an t s  or  t h e  p o s t u r a l  r e a c t i o n s  o f  vege ta t ive  
and somatic  func t ions  i n  animals.  There i s  a l s o  a p o s s i b i l i t y  o f  a primary 
in f luence  o f  g r a v i t a t i o n  on t h e  c e l l u l a r  and s u b c e l l u l a r  s t r u c t u r e s ,  p a r t i c u -  
l a r l y  the  d i s t r i b u t i o n  of t h e  nuc le i  and mitochondria  i n  t h e  c e l l s  [ 2 4 4 ] .  

The mechanical effects  o f  the a c t i o n  of t h e  f o r c e  of  g r a v i t i  on t h e  
suppor t ing  s t r u c t u r e s  and the  d i s t r i b u t i o n  of f l u i d  i n  t h e  l i v i n g  organism 
s t i m u l a t e  a complex o f  response r eac t ions  t h a t  ensure  i t s  "balance" wi th  re- 
s p e c t  t o  t h e  environment. 
namely, t o  a d j u s t  a c t i v e l y  t o  ex terna l  condi t ions  and ref lect  them i n  t h e  
c h a r a c t e r i s t i c s  of t h e i r  own s t r u c t u r e  and func t ion ,  i s  provided by p a r t i c i -  
p a t i o n  of  var ious  r ecep to r  s t r u c t u r e s  and t h e  cond i t ion ing  effects of  t h e  
c e n t r a l  nervous system. 

An a b i l i t y  which is  s p e c i f i c  t o  b i o l o g i c a l  o b j e c t s ,  

The func t ions  o f  t h e  c e n t r a l  nervous system, t ak ing  neuromuscular and 
sensory r e a c t i o n s  i n t o  account,  on moderate changes i n  g r a v i t a t i o n  are p l a s t i c  
and adapt ive  t o  a l a r g e  degree.  Neuromuscular r e a c t i o n s  usua l ly  depend on t h e  
p o s i t i o n  of  t h e  body r e l a t i v e  t o  the  d i r e c t i o n  o f  t h e  f o r c e  of  g rav i ty .  Onto- 
g e n e t i c a l l y ,  animals and man are accustomed t o  assuming and hold ing  a p o s i t i o n  

f 
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and o r i e n t i n g  t h e  body by means of k i n e s t h e t i c ,  v i s u a l ,  v e s t i b u l a r  and s t a t o -  
k i n e t i c  information.  The i n t e r p r e t a t i o n  of  such s i g n a l s  and t h e  response r e -  
ac t ions  t o  them involve the  development of  a response sensomotor program which 
depends upon g r a v i t a t i o n .  The propr iocept ive  system inc ludes ,  i n  p a r t i c u l a r ,  
mechanoreceptors l oca t ed  i n  various p a r t s  o f  t he  body which normally a r e  
s t r u c t u r e d  and c a l i b r a t e d  on t h e  basis of  terrestr ia l  r a t i o s  between m a s s  and 
weight,  as well as the  v e s t i b u l a r  appara tus ,  which i s  very s e n s i t i v e  t o  
acce le ra t ion  and g r a v i t a t i o n ,  p a r t i c u l a r l y  the  o t o l i t h  p a r t .  The l a t t e r  p l ays  
an important r o l e  i n  t h e  regula t ion  of t he  sensomotor a c t i v i t y  and i n  some 
cases transforms o r  blocks a f f e r e n t a t i o n  from o t h e r  sense  organs,  i nc lud ing  
v i s u a l  ones. However, when t h e  v e s t i b u l a r  information i s  excluded, t h e  l e v e l  
of  v i s u a l  a f f e r e n t a t i o n  may increase  and become independent o f  t h e  g rav i -  
t a t i o n a l  background. This process ,  i t  t u r n s  o u t ,  i s  improved by experience,  
l ea rn ing ,  e t c . ,  and i s  consciously con t ro l l ed .  Inasmuch as t h e  ind iv idua l  
a d j u s t s  t o  a wider range of  s ensa t ions  as a func t ion  of  l ea rn ing  new h a b i t s ,  
t h e  a c t u a l  e f f e c t  o f  t h e  e x i s t i n g  g r a v i t a t i o n a l  condi t ions  s e r v e s  as a use fu l  
method o f  t r a i n i n g  cosmonauts f o r  f l i g h t s  i n  space and t o  t h e  moon [244 ] .  

- /11 

The fo rce  o f  g r a v i t y  i s  a f a c t o r  which has a s i g n i f i c a n t  i n f luence  on t h e  
r egu la t ion  of  t h e  i n t e r n a l  environment of t h e  organism, so  t h a t  t h e r e  i s  
s u f f i c i e n t  b a s i s  t o  expect  t h e  development of a number o f  func t iona l  and 
morphological changes under condi t ions  o f  weight lessness .  Although c e r t a i n  
forms o f  animals have ad jus t ed  well  from t h e  phys io logica l  s t andpo in t  t o  l i f e  
i n  water, on dry land and i n  t h e  a i r ,  i n  t h e  course o f  evo lu t ion  l i v i n g  

Therefore  they have no t  developed any kind of  s p e c i f i c  mechanisms f o r  compen- 
s a t i o n  f o r  t h e  consequences t h a t  ar ise  from absence o f  weight,  i f  such mechan- 
isms are i n  fact  p o s s i b l e  [30 ] .  In t h e  most genera l  form, t h e s e  consequences 
b o i l  down t o  t h e  development o f  t h e  phenomena o f  "disuse" o r  "atrophy from i n -  
act ion".  The absence of  g r a v i t a t i o n a l  s t i m u l i  causes  changes i n  t h e  auto- 
r egu la t ion  of t h e  e n t i r e  organism, which are aimed a t  e s t a b l i s h i n g  adequate 
i n t e r a c t i o n s  with a number o f  reduced requirements from t h e  environment. From 
t h i s  s t andpo in t ,  t h e  essence o f  the changes t h a t  occur  can r i g h t l y  be  con- 
s i d e r e d  as a mani fes ta t ion  of  t h e  adap ta t ion  process .  However, t h i s  kind of 
adapta t ion  i s  accompanied by a narrowing o f  t h e  func t iona l  c a p a c i t i e s  of  t h e  
organism and i t s  r e s i s t a n c e  with r e spec t  t o  g r a v i t a t i o n a l  and o t h e r  e x t e r n a l  
i n f luences .  I f  we assume t h a t  mankind t h e o r e t i c a l l y  i s  capable  not  only o f  
adapt ing  b u t  a d j u s t i n g  t o  weight lessness  on a homeostat ic  b a s i s ,  i n  t h e  f i n a l  
a n a l y s i s  t h i s  w i l l  l ead  t o  gene t i c  changes, i nc lud ing  those  t h a t  are funda- 
mental .  N e w  p r o p e r t i e s  of  t h e  bone and muscle, ca rd iovascu la r ,  endocrine and 
c e n t r a l  nervous systems w i l l  arise. In  a number o f  genera t ions  t h a t  are con- 
s t a n t l y  subjec ted  t o  t h e  a f f e c t s  of weight lessness ,  t h e  es tab l i shment  of  a new 
l e v e l  of  homeostat ic  equ i l ib r ium could t h e o r e t i c a l l y  be promoted by t h e  
mechanism o f  n a t u r a l  s e l e c t i o n .  

organisms have not  encountered prolonged effects of  t r u e  weight lessness .  - / I2  
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2 .  Basic Approaches t o  t h e  Study o f  the  Inf luence  of Weightlessness on t h e  - /13 
Human Oreanism 

Such unusual space f l i g h t  f a c t o r s  as subgrav i t a t ion  and weight lessness  
have been t h e  sub jec t  of many t h e o r e t i c a l  and experimental  s t u d i e s .  Even i n  
t h e  e a r l y  works of K .  E .  Tsiolkovskiy (1883, 1895, 1911) t h e r e  are d e s c r i p t i o n s  
o f  s p e c i f i c  condi t ions which man could expect  i n  space: lack o f  weight or 
sensa t ions  o f  p re s su re  on surrounding o b j e c t s ,  t he  p o s s i b i l i t y  o f  ho ld ing  any 
mass i n  the  hands without f e e l i n g  i t s  weight ,  lack of  such concepts as "up" and 
"down". Tsiolkovskiy a l s o  p red ic t ed  a change o r  a l o s s  i n  s p a t i a l  o r i e n t a t i o n  
and a d e t e r i o r a t i o n  of  t h e  sensomotor func t ion  under space cond i t ions ,  changes 
a f f e c t i n g  t h e  d i s t r i b u t i o n  of  t h e  blood and t h e  development o f  anatomical 
changes i n  t h e  human organism. Although Tsiolkovskiy f e l t  t h a t  man would b e  
ab le  t o  a d j u s t  f i n a l l y  t o  condi t ions  of  weight lessness ,  he proposed r o t a t i n g  
t h e  spacec ra f t  t o  c r e a t e  a r t i f i c i a l  g r a v i t a t i o n  [117].  Later Hermann Oberth 

s tud ied  t h e  inf luence of weight lessness  on man i n  t h e  course o f  
i n t e r p l a n e t a r y  voyages. " I f  a prolonged s t a t e  o f  weight lessness  leads  t o  
unexpected consequences, which seems doubtful  however," wrote Oberth,  "then i t  
w i l l  be necessary t o  connect two spacec ra f t  by a cable  s e v e r a l  k i lometers  long 
and r o t a t e  one r e l a t i v e  t o  the  other ."[241] .  H e  recognized t h e  p o s s i b i l i t y  o f  
an unfavorable  inf luence  of t h e  Cor io l i s  fo rces  t h a t  ar ise  i n  r o t a t i n g  craf t  
with a r t i f i c i a l  g r a v i t a t i o n .  

The f i r s t  experimental  s t u d i e s  of t h e  in f luence  of weight lessness  on t h e  /14 - 
organism o f  mammals were conducted during t h e  f l i g h t s  of  rocke ts  t h a t  took 
p l a c e  s imultaneously i n  t h e  USA and the  USSR fol lowing World War XI. Scien-  
t i s t s  i n  both coun t r i e s  monitored t h e  condi t ion  of  var ious  phys io log ica l  and 
behaviora l  func t ions  i n  small animals,  e s p e c i a l l y  s tudying  t h e  frequency o f  
c a r d i a c  con t r ac t ions  and r e s p i r a t i o n ,  blood p res su re ,  body temperature ,  sensory 
and motor a c t i v i t y ,  a s  wel l  as r e f l e x  r e a c t i o n s  and behavior ,  caused by t h e  
p a r t i c i p a t i o n  of  t h e  c e n t r a l  nervous system, and o t h e r  func t ions  under, chang- 
i n g  a c c e l e r a t i o n s  and s h o r t  term s t a t e s  o f  zero G .  Although some animals d i ed  
because of  f a i l u r e s  i n  the  t echn ica l  apparatus ,  t h e  r e s u l t s  ob ta ined  i n  those  
animals t h a t  r e tu rned  t o  Earth showed t h a t  stress as soc ia t ed  with f l i g h t  
aboard a rocke t ,  inc luding  per iods  of weight lessness ,  d i d  no t  exceed t h e  l i m i t s  
o f  b i o l o g i c a l  r e s i s t a n c e  o f  t h e  mammalian organism [ 1 2 2 ,  139, 204, 225, 2651. 
This  view was la ter  confirmed by more ex tens ive  s t u d i e s  and experiments t h a t  
were performed aboard o r b i t i n g  spacec ra f t  [28, 89, 123, 135, 193, 2781. 

Brief per iods of  weight lessness  were a l s o  produced aboard a i r c r a f t  f l y i n g  
a long  a Keplerin t r a j e c t o r y  [201].  These "parabol ic  f l i g h t s "  were involved 
p r i m a r i l y  with a s tudy  o f  t h e  sensory,  motor and vege ta t ive  r e a c t i o n s  i n  
animals and man, as well as t h e  condi t ion of  t h e  h ighe r  nervous a c t i v i t y .  The 
r e s u l t s  o f  t h e s e  s t u d i e s  showed t h a t  when c e r t a i n  measures are taken t o  prevent 
t h e  a c t i o n  of  weight lessness  l a s t i n g  seve ra l  seconds t o  one minute, no harmful 
effects  occur  involv ing  t h e  func t iona l  condi t ion  and working a b i l i t y  of man and 
t h a t  consequently he may be  exposed without harm t o  the  a c t i o n  o f  weight less -  
nes s  of t h i s  dura t ion  during space f l i g h t  [65, 119, 140, 184, 2231.  
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Suborbi ta l  and o r b i t a l  f l i g h t s  by cosmonauts opened up a new chap te r  i n  

space biology and medicine. 
from s e v e r a l  minutes t o  seve ra l  weeks, ex tens ive  medical and b i o l o g i c a l  s t u d i e s  
were c a r r i e d  out both i n  space and on t h e  ground [25, 105, 153, 197, Z O O ] .  
They included p r e f l i g h t  and p o s t f l i g h t  func t iona l  tes ts  and examinations of t h e  
cosmonauts, medical observa t ions  dur ing  f l i g h t ,  t e l e m e t r i c  record ing  of 
phys io logica l  and psychological  funct ions and monitoring of  environmental  
parameters i n  s p a c e c r a f t .  The a s t ronau t s  and cosmonauts, inc luding  doc to r s ,  
took p a r t  i n  t h e s e  s t u d i e s  both as s u b j e c t s  and as  experimenters [ 2 2 ,  58, 87 ,  
106, 107, 1521. 

As t h e  lengths  of t he  f l i g h t s  g radua l ly  increased  

The s tudy  of  those  f a c t o r s  t h a t  c h a r a c t e r i z e  t h e  h e a l t h  and working 
capac i ty  of  cosmonauts under t h e  prolonged inf luence  of weight lessness  were of  
t h e  g r e a t e s t  i n t e r e s t .  These included t h e  fol lowing:  

- t he  s t a t e  of  t h e  v i t a l l y  important func t ions ,  d i s p o s i t i o n  t o  i l l n e s s ,  
r e s i s t a n c e  t o  stress e f f e c t s  during f l i g h t  and af te rward;  

- simple and complex motor r e a c t i o n s ,  coord ina t ion  o f  movement, t h e  
p o s s i b i l i t y  o f  ca r ry ing  ou t  work ope ra t ions ,  inc luding  those  i n  c r i t i c a l  
s i t u a t i o n s ,  t h e  a b i l i t y  t o  perform s c i e n t i f i c  observa t ions  and e v a l u a t e  t h e i r  /16 
r e s u l t s  i n  f l i g h t ;  

- 

- t h e  a d a p t a b i l i t y  o f  spacec ra f t  f o r  l i f e ,  work and rest  o f  cosmonauts 
i n  a s t a t e  o f  weight lessness .  

"he information gained i n  the course  o f  t h e s e  s t u d i e s  was used t o  improve 
t h e  s e l e c t i o n  and t r a i n i n g  of cosmonauts, t o  improve the  design o f  t h e  space-  
c ra f t  themselves and a l s o  t o  work out  means o f  prevent ing  t h e  unfavorable  
in f luence  o f  prolonged weight lessness  on t h e  human organism. 

Inasmuch as t r u e  weight lessness  only  develops under f l i g h t  condi t ions  
t h a t  are a s s o c i a t e d  with t h e  execut ion o f  a g r e a t  many working ope ra t ions  and 
consequently are only s l i g h t l y  s u i t e d  for sys t ema t i c  i n v e s t i g a t i o n ,  var ious  
types of l abora to ry  models were worked o u t .  
systems f o r  ho ld ing  ind iv idua l  p a r t s  o f  t h e  body i n  a suspended s ta te ,  
pneumatic suppor ts  and o t h e r  methods o f  reducing f r i c t i o n ,  prolonged s t a y s  i n  
a h o r i z o n t a l  p o s i t i o n ,  as well as va r ious  methods o f  sensory depr iva t ion  [32 ,  
48, 97, 160, 175, 185, 192, 272, 2771. In  s t u d i e s  involv ing  complete sub- 
mersion i n  water l a s t i n g  up t o  seven days and remaining i n  bed f o r  per iods  up 
t o  120 days,  r e a c t i o n s  t o  simulated weight lessness  were s t u d i e d  i n  terms o f  
t h e i r  e f f e c t s  on t h e  a n t i g r a v i t a t i o n a l  s t r u c t u r e s  o f  t h e  organism, t h e  i n t r a -  
vascu la r  h y d r o s t a t i c  p re s su re ,  metabolism, water-salt exchange, func t ions  o f  
t h e  ca rd iovascu la r  and r e s p i r a t o r y  systems and o t h e r  parameters [ l l ,  39, 78, 
93, 100, 194, 261, 2661. In  t h e  case of  water immersion, r e g u l a t i o n  o f  

u s ing  hand t o o l s ,  and o t h e r  types o f  a c t i v i t y  were s t u d i e d .  The goal  of  t h e  
s t u d i e s  involv ing  s imula t ion  of weight lessness  cons i s t ed  i n  c l a r i f y i n g  t h e  
n a t u r e  o f  t h e  undes i rab le  r eac t ions  t h a t  occur  under t h e s e  cond i t ions  and t o  
work ou t  t h e  p r i n c i p l e s ,  methods and means o f  prevent ing  them on a long term 

The l a t t e r  inc lude  water immersion, 

/17 pos tu re ,  methods o f  immobilization, p o s s i b i l i t y  o f  performing work i n  space - 



b a s i s .  In  p a r t i c u l a r ,  t h e  s tud ie s  involved eva lua t ion  o f  t h e  e f f e c t i v e n e s s  of  
such measures as cosmonaut s e l e c t i o n ,  t r a i n i n g  and i n s t r u c t i o n , ,  performance of 
phys ica l  e x e r c i s e ,  s tandard iza t ion  of  food r a t i o n ,  as we l l  as t h e  use of  
medicinal p repa ra t ions  and substances t h a t  s imulated h y d r o s t a t i c  p re s su re  of 
blood. Other s t u d i e s  touched on the  inf luence  of hypokinesia  on var ious  
s t r u c t u r e s  and func t ions  of  t h e  organism; on t h e  c e l l u l a r  l e v e l ,  on muscle 
t i s s u e  and bone s t r u c t u r e s ,  processes o f  metabolism, water and f l u i d  balance,  
r e s i s t a n c e  t o  i n f e c t i o u s  d i seases ,  r e s i s t a n c e  t o  d e s t r u c t i v e  processes  and 
var ious  stress f a c t o r s  [62, 63, 75, 98, 102, 103, 114, 125, 181, 220, 2291. 

Along with t h e  accumulation o f  experimental  d a t a  having a d i r e c t  r e l a t i o n -  
s h i p  t o  making manned space f l i g h t s  p o s s i b l e ,  a g r e a t  many s c i e n t i f i c  p rob lem 
o f  a more general  na tu re  were s tud ied  as well. They inc luded  t h e  fol lowing:  
t h e  theory o f  biodynamic and b i o g r a v i t a t i o n a l  r e a c t i o n s  ( i . e . ,  r e a c t i o n s  t h a t  
a r e  t r i g g e r e d  by a c c e l e r a t i o n s  and g r a v i t a t i o n )  and sys t ema t i c  s t u d i e s  o f  
b i o l o g i c a l  problems a s soc ia t ed  with space f l i g h t  [30, 88, 90, 188, 2291 ; 

- study of processes  and mechanisms o f . l o s s  o f  t r a i n i n g ,  adap ta t ion ,  
homeostasis,  and t h e  b i o l o g i c a l  rhythms i n  weight lessness  [ 2 ,  43, 141, 149, - /18 
162, 182, 2611; 

- s tudy  of s p e c i f i c  r eac t ions  involv ing  t h e  sense  organs and t h e  i n t e r -  
a c t i o n  of  ana lyzers  [65, 67, 129, 1441; 

- determinat ion of  t h e  s t a t e  o f  t h e  hormonal, immunological, r egene ra t ive  
func t ions  and t h e  blood system i n  weight lessness  [ l ,  3, 5, 109, 1461; 

- t he  use o f  methods of  mathematical s imula t ion  and s t a t i s t i c a l  
eva lua t ion  of d a t a  f o r  purposes r e l a t e d  t o  medical and psychologica l  problems 
dea l ing  with reduced weight and weight lessness  [14, 27, 60, 87, 2171. 

The major i ty  of  medical and b i o l o g i c a l  problems t h a t  develop i n  t h e  
e a r l y  s t ages  of space f l i g h t s  were so lved  by c a r e f u l  s e l e c t i o n  and p r a c t i c a l  
u t i l i z a t i o n  of t h e  r e s u l t s  o f  t h e o r e t i c a l  and experimental  s t u d i e s .  
body o f  information t h a t  has  a l ready been gathered i n  t h i s  area has  been 
app l i ed  not  only t o  t h e  problem of keeping man i n  space b u t  a l s o  t o  t h e  d a i l y  
needs of  mankind. 

The l a r g e  

3. The S t a t e  o f  Reduced Weight (Subgravi ta t ion)  

Moving about and working on t h e  s u r f a c e  o f  t h e  moon and o t h e r  p l a n e t s  
take p lace  on the  b a s i s  o f  such concrete  mani fes ta t ions  o f  t h e  laws o f  
mechanics which d i f f e r  s i g n i f i c a n t l y  from t h e  corresponding phenomena on Ea r th ,  
S ince  the  value o f  t e r res t r ia l  g r a v i t a t i o n  (go) is a cons tan t  taken as 1, 
an a c c e l e r a t i o n  which is less than go w i l l  produce a s ta te  o f  reduced weight 

and w i l l  be 1/6 of  t h i s  va lue  on t h e  moon. Accordingly, weight decreases  on 
t h e  luna r  su r face .  

/19 For t h e  purpose of t r a i n i n g  cosmonauts f o r  a c t i v i t y  i n  such an environ- 
- 1  

ment, numerous t h e o r e t i c a l  s tud ie s  and model experiments have been conducted. 
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The fol lowing were used as the  c r i t i c a l  parameters f o r  condi t ions  o f  l una r  
g r a v i t a t i o n :  oxygen consumption and carbon d ioxide  ba lance ,  d i e t  and water  
exchange, working capac i ty ,  movement of t h e  e x t r e m i t i e s  and moving around, 
muscular and sensomotor a c t i v i t y . \  
performed with p re s su re  i n  a space s u i t  and without p re s su re .  

t ask  requi red  20% more oxygen than under t e r r e s t r i a l  condi t ions  [245, 2481. 
Applying pressure  t o  t h e  space s u i t  considerably d e t e r i o r a t e d  t h e  values  o f  t h e  
var ious  forms o f  human a c t i v i t y  (Table 1 ) .  The e n e r g e t i c s  of locomotion a t  
1/6 G i s  a m u l t i f a c t o r  problem, one which i s  s t i l l  be ing  i n v e s t i g a t e d  [217, 
2511. Such parameters as g a i t ,  fo rce  of adhesion t o  t h e  support  and t h e  r a t e  
of motion of  t h e  e x t r e m i t i e s  under t e r r e s t r i a l  examination condi t ions  were 
s imulated with s a t i s f a c t o r y  approximation [259] . 

Problems not  r equ i r ing  moving around were 
In model exper i -  

ments i n  which the  sub jec t  had f i r m  support  f o r  only one hand, performing t h e  I 

I 
I 

TABLE 1. INFLUENCE OF PRESSURE I N  A SPACE SUIT UNDER CONDITIONS OF 
REDUCED WEIGHT ON VARIOUS FORMS OF MOTOR ACTIVITY IN MAN (ACCORDING 

TO HEWES [206]) 

Energy expendi ture  i n  locomotion i n  a space s u i t  without  p re s su re ,  
k ca 1 /hour 

a. 

Speed Pressure  1/6 G 1 G  Bib l iographica l  
Sources 

Hewes [206] 

Speed 3.2 km/hr 142 205 266 
6 .4  km/hr 187 430 266 
6.4 km/hr on a su r face  
s l o p i n g  a t  an angle  of 
loo 329 709 137 

b .  

Gravi - Excess Pressure  Maximum Speed Maximum Height Long Distance 
t a t i o n  i n  t h e  Space of Forward of Jumping i n  Jump on t h e  

S u i t ,  mm Hg. Movement, m/sec. t h e  a i r ,  cm. Hor iz . ,  cm.  

1 G  0 3.44 52 .O 164.0 
180 2 . 8  30.5 100.0 

1/6 G 0 1 .64  234.0 366.0 
180 1 . 2 2  140.0 214.0 

One of  t he  methods o f  s imulat ion was used t o  reduce t h e  f o r c e  of  adhesion 
t o  a suppor t .  
i n  energy consumption was found [206, 2481. Figure 3 shows t h e  r e l a t i o n s h i p  
between energy consumption and g r a v i t a t i o n a l  fo rces  and t h e  ra te  of  movement 
both i n  a space s u i t  and i n  ordinary c l o t h i n g  [9]. 

As t h e  level o f  simulated weight decreased a pronounced decrease 
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The s t u d i e s  performed by NASA r e sea rche r s  a t  Langley on a s imula to r  
equipped w i t h  an i n c l i n e d  p lane  showed t h a t  as a r e s u l t  o f  a reduct ion  i n  t h e  /20  
force  of adhesion, walking and running by human s u b j e c t s  were slowed approxi- 
mately 40% i n  comparison w i t h  terrestr ia l  condi t ions  [206] .  A s  the  r a t e  of 
movement increased ,  t he  i n c l i n a t i o n  of t he  t runk forward increased  t o  a g r e a t e r  
degree under condi t ions  of l una r  g r a v i t a t i o n  [ 9 ,  2061 i n  comparison with 
t e r r e s t r i a l  (Figure 4 ) .  

- 

On t h e  whole, t h e  s u b j e c t s  repor ted  t h a t  t h e i r  s ensa t ions  and the  magni- 
tude o f  t h e i r  e f f o r t s  on t h e  lunar  s imula to r  were t h e  s h e  as dur ing  b r i e f  
pa rabo l i c  f l i g h t s  under equivalent  s u b g r a v i t a t i o n a l  cond i t ions .  On t h e  b a s i s  
of t he  s t u d i e s  t h a t  were performed, i t  was concluded t h a t  a cosmonaut dressed  
i n  a space s u i t  t h a t  has been pressur ized  i s  t h e o r e t i c a l l y  capable  of  walking, 
running and working on t h e  luna r  s u r f a c e  provided t h a t  i t s  su r face  i s  r e l a t i v e l y  
s o l i d  and f l a t .  I t  was a l s o  suggested t h a t  t he  r e s e a r c h e r  would be ab le  t o  
ca r ry  on h i s  shoulders  a load o f  up t o  225 kg both when a t  rest and when moving 
around i f  t h e  volume and r e s i s t a n c e  o f  t h e  i n f l a t e d  space s u i t  d id  not  pose a 
s i g n i f i c a n t  obs t ac l e  [ 9 ,  2241. 

The f i r s t  eva lua t ion  of  t h e  in f luence  of  a c t u a l  l una r  g r a v i t a t i o n  on man 
was obta ined  during the  f l i g h t s  o f  t h e  "Apollo" s p a c e c r a f t  [150, 1511. During 
the  f l . ight  o f  "Apollo-14" two crew members ( t h e  commander of  t h e  c r a f t  and t h e  
p i l o t  of t he  luna r  module) spent  about 34 hours on t h e  moon, i nc lud ing  n ine  
hours r e s t i n g  from i n t e n s i v e  phys ica l  work, while  t h e  p i l o t  o f  t he  command 
module remained i n  o r b i t .  Energy expendi ture  was 220-300 kca l /hour  on the  
average.  This value i s  approximately equiva len t  t o  walking under t e r r e s t r i a l  
condi t ions  a t  a speed o f  5 km/hour without  using any kind of  equipment or a t  
the  r a t e  o f  1 km/hour i n  a space s u i t .  

p i l o t ,  who was not  sub jec t ed  t o  t h e  e f f e c t s  o f  1/6 G ,  was worse than  f o r  t h e  
o t h e r  two crew members (Table 2) [150] .  He showed cons iderable  weight l o s s ,  
h i s  o r t h o s t a t i c  s t a b i l i t y  had decreased t o  a g r e a t e r  degree,  t h e  decrease i n  
e ry th rocy te  mass was more pronounced, h i s  working capac i ty  was lower, and t h e  
lo s ses  of  t o t a l  f l u i d  volume were g r e a t e r .  

A comparison of p o s t f l i g h t  d a t a  from a 
medical examination showed t h a t  t h e  phys ica l  condi t ion  of t h e  command module - /22 

However, t he  r e s u l t s  shown i n  Table 2 must be i n t e r p r e t e d  wi th  g r e a t  
c a r e .  I t  i s  necessary  t o  keep i n  mind such f a c t o r s  as the  inc rease  i n  water 
consumption on t h e  p a r t  o f  t he  commander and t h e  luna r  module p i l o t  during 
t h e i r  s t a y  on the  moon and during t h e  r e t u r n  f l i g h t .  
i n  mind, t he  r e s u l t s  o f  t h e  Apollo-14 f l i g h t  show t h a t  moderate work under 
condi t ions  o f  reduced weight may have a p o s i t i v e  e f fec t .  

However, even with t h i s  

On t h e  o t h e r  hand, t h e  r e s u l t s  o f  t h e  Apollo-15 f l i g h t  were t h e  oppos i te  
of what w a s  seen oh t h e  Apollo-14 f l i g h t .  Two crew members, who worked on t h e  
l u n a r  s u r f a c e  were found dur ing  p o s t f l i g h t  examinations t o  have a more pro- 
nounced decrease i n  t h e i r  working capac i ty  i n  comparison with t h e  command 
module p i l o t ,  I t  is  poss ib l e  tha t  t h e  cons iderable  inc rease  i n  phys i ca l  
stress on the  Apollo-15 crew on t h e  su r f ace  of t h e  moon n e u t r a l i z e d  t h e  pos i -  
t i v e  e f f e c t  o f  t h e  luna r  g r a v i t a t i o n .  This dichotomy i n  t h e  r e s u l t s  of  t h e  two 
Apollo f l i g h t s  c l e a r l y  shows t h a t  human working capac i ty  a t  1/6 G i s  s u b j e c t  t o  
t h e  inf luence  of  s e v e r a l  parameters.  
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TABLE 2 .  COMPARISON O F  PRE- AND POSTFLIGHT DATA FOR THE CREW 
MEMBERS OF THE APOLLO-14 SPACECRAFT, CONSTANTLY EXPOSED TO A 
STATE O F  WEIGHTLESSNESS OR SUBJECTED TO THE EFFECTS OF 1 /6  G [150] 

Medica 1 Data 

Weight loss 

Weightlessness 1 /6  G 
P i lo t  o f  t he  Commander o f  P i l o t  o f  t he  

Command Module t h e  Craft Lunar Module 

- 5 . 4  kg + 0 . 4 5  kg - 0 . 4 5  kg 

Pulse  r a t e  (decrease i n  
o r t h o s t a t i c  s t a b i l i t y )  

Mini mal 
changes 

S i g n i f  i cant  Minimal 
increase  changes 

Erythrocyte  mass 

Plasma volume 

Tota l  f l u i d  i n  t h e  
organ i s m  

I n t r a c e l l u l a r  f l u i c  

- 9% - 4% - 2% 

- 10% + 1% No change 

- 18% - 2% - 2% 

- 3% 

Working capac i ty  (on t h e  
b a s i s  o f  d a t a  on oxygen 
consumption and s y s t o l i c  
blood pressure)  

Considerable No change S l i g h t  
decrease decrease 

/24  - 4 .  Medical and Bio logica l  Effects o f  Weightlessness,  Processes  o f  Adapta- 
t i o n  t o  Absence of  Weight and Readaptation t o  T e r r e s t r i a l  Conditions 

A t  t he  p re sen t  t ime,  considerable  experimental  d a t a  has been co l l ec t ed  
which c h a r a c t e r i z e s  the  d ive r se  phenomena of the  processes  involved i n  the  
adap ta t ion  of  l i v i n g  organisms t o  t h e  s ta te  of  weight lessness  and t h e i r  r e -  
adapta t ion  t o  t e r r e s t r i a l  condi t ions .  Inasmuch as t h e  r e fe rences  i n  t h i s  
chap te r  c o n s t i t u t e  only a small par t  of  those  c i t e d  i n  t h e  l i t e r a t u r e ,  
a d d i t i o n a l  information on t h i s  problem can be obta ined  i n  t h e  surveys and 
themat ic  pub l i ca t ions  which have appeared previous ly  [ 5 2 ,  88 ,  90, 107, 133, 
153, 162, 225, 229,  2481.  

Even be fo re  t h e  f i r s t  s tud ie s  were performed dur ing  space  f l i g h t s ,  it was 
f e l t  t h a t  t he  e f f e c t  o f  prolonged weight lessness  could be t h e  cause of  a 
d i s r u p t i o n  of v i t a l l y  important funct ions i n  t h e  mammalian organism. 

An ana lys i s  of  t he  r e s u l t s  o f  s e v e r a l  hundreds o f  s t u d i e s  on the  develop- 
ment of r eac t ions  caused by weight lessness  shows t h a t  t h e r e  a r e  a g rea t  many 
changes involv ing  t h e  working capaci ty  which impede t h e  cosmonaut i n  h i s  
e f f o r t s  t o  success fu l ly  cope w i t h  t h e  s t a t e  o f  weight lessness .  However, i t  is  
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t h e  accommodative b i o l o g i c a l  changes i n  the  var ious  systems of  the  organism, 
whose medical consequences a r e  s t i l l  not  completely known, which a r e  of p r i -  
mary importance. 
of i nd ica t ions  t h a t  t he re  i s  an inf luence  of  weight lessness  on the  b a s i c  
systems of  t h e  organism and i t s  func t ions .  

The d a t a  which we have a t  t he  present  time conta in  a number 

/25  - Table 3 summarizes some of  the most general  phenomena involved i n  t h e  
processes  of adapta t ion  t o  weight lessness  and readapta t ion  t o  t e r r e s t r i a l  con- 
d i t i o n s .  

Nervous s y s t e m .  The t r a n s i t i o n  from 1 G t o  t h e  s t a t e  of zero G and the  
i n i t i a l  per iod  of  exposure t o  w e i  h t l e s s n e s s  a r e  f r equen t ly  a s soc ia t ed  with 

motion s i ckness ,  such as d i zz iness ,  nausea and vomiting. Symptoms of  motion 
s ickness  a rose  as the  r e su l t  of d i s turbances  t o  t h e  func t iona l  i n t e r a c t i o n  of  
t h e  ana lyzers  [67,  1 3 2 J .  L ' isual ,  aud i to ry ,  t a c t i l e ,  defensive and t a s t e  
s e n s i t i v i t y  were usua l ly  normal. Psychic diqturbances and h a l l u c i n a t i o n s  were 
absent .  Sensomotor and ind ica t ive  t e s t s ,  c a l o r i c  and o t h e r  v e s t i b u l a r  s t u d i e s ,  
t h e  r e s u l t s  of  photographic inves t iga t ions  of t he  r e t i n a  showed an absence of 
s i g n i f i c a n t  changes i n  comparison with p r e f l i g h t  d a t a  [187].  However, t h e  
in f luence  of weight lessness  on the neuromuscular and sensomotor coord ina t ion  
a l s o  manifested themselves i n  changes i n  r e f l e x  e x c i t a b i l i t y  of t h e  s u b j e c t i v e  
percept ion  of g-forces  as wel l  as a c e r t a i n  i n s u f f i c i e n c y  of t h e  motor func t ion  
[ 1241 . 

dis turbances  o f  s p a t i a l  o r i e n t a t i o  fl , i l l u s o r y  sensa t ions  and symptoms o f  

On the  whole, as far as t h e  func t ion  of t he  c e n t r a l  nervous system, motor 
and neuromuscular coord ina t ion ,  d iu rna l  p e r i o d i c i t y  of  t he  organism and neuro- 
psychological  processes  i n  cosmonauts were concerned, no important changes 
were observed dur ing  f l i g h t .  Moving around was a c t u a l l y  f a c i l i t a t e d  under 
condi t ions  of  weight lessness .  
of working a b i l i t y  assoc ia ted  w i t h  t h e  dysfunct ion of the  v e s t i b u l a r  organ 
[144, 1511. 

For tuna te ly ,  t h e r e  was no case of any d is turbance  

Signs of  neuro-emotional s t r e s s  and an unpleasant  s t a t e  of  f a t i g u e  t h a t  
were noted by s e v e r a l  cosmonauts may not  have had a d i r e c t  r e l a t i o n s h i p  t o  

speaking,  they  were not  r e f l e c t e d  i n  t h e  outcome of t h e  space f l i g h t .  
p a r t i c u l a r ,  t h i s  was obvious from t h e  r e s u l t s  o f  t h e  "Apollo-13" f l i g h t  which 
was s u c c e s s f u l l y  completed by the  crew rega rd le s s  of  t he  extreme emotional 
stress involved.  

weight lessness  and were due t o  o t h e r  s t r e s s e s  i n  space f l i g h t .  General ly  - /34 
In  

Cardiovascular  System. Although t h e  condi t ion  of  t he  card iovascular  
system has been s tud ied  i n  animals and man during the  i n i t i a l  experiments and 
p r i o r  t o  t h e  lunar  expedi t ion ,  the p i c t u r e  s t i l l  remains i n s u f f i c i e n t l y  c l e a r .  
Card iovascular  changes occur as the r e s u l t  o f  t he  ac t ion  of a g r e a t  many 
v a r i a b l e  f a c t o r s  inc luding  complicated i n t e r a c t i o n s  with o the r  systems o f  t he  
organism dur ing  weight lessness  [60, 2151. The lack of t r a i n i n g  of t h e  card io-  
vascu la r  system is  c l e a r l y  demonstrated by t h e  non-proport ional  speeding up of  
t h e  pulse  and r e s p i r a t i o n  under the in f luence  of  acce le ra t ions  dur ing  launching 
of  t h e  spacec ra f t  and phenomena of o r t h o s t a t i c  i n s t a b i l i t y  fol lowing r e t u r n  t o  
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Earth.  X-ray s t u d i e s  have revealed a decrease  i n  h e a r t  s i z e  [153].  An analy- 
s i s  o f  the  phase s t r u c t u r e  of the h e a r t  cyc le ,  e l ec t roca rd iog raph ic  ind ices  and 
hemodynamic c h a r a c t e r i s t i c s ,  i n  p a r t i c u l a r  immediately fol lowing t h e  end o f  t he  
f l i g h t ,  c l e a r l y  shows t h a t  t h e  card iac  a c t i v i t y  d e t e r i o r a t e s  temporar i ly  t o  a 
c e r t a i n  ex ten t  [215] .  I t  h a s  been found t h a t  the  longer  the  f l i g h t ,  t h e  more 
severe the  process  of readaptat ion t o  normal g r a v i t a t i o n  w i l l  be .  The general  
and phys ica l  condi t ion  both d e t e r i o r a t e ,  and the  working capac i ty  dropped t o  a 
l eve l  which resembles t h a t  seen fol lowing bed r e s t  o f  corresponding length ,  o r  
t o  an even g r e a t e r  e x t e n t .  

The inc rease  i n  pulmonary v e n t i l a t i o n  and oxygen consumption dur ing  t h e  
pos t  f l i g h t  per iod  a r e  c l o s e l y  l inked t o  d i s t i n c t i v e  phenomena a s soc ia t ed  with 
a lack o f  t r a i n i n g .  Soon a f t e r  landing, even i n  a sea t ed  p o s i t i o n ,  t h e r e  was 
a s i g n i f i c a n t  i nc rease  i n  card iac  con t r ac t ions  which was not  accompanied by an 
a c t u a l  s t r e s s  l e v e l .  However, both the  a r t e r i a l  p re s su re  and the  pulmonary 
func t ion  a r e  not among t h e  r e l i a b l e  c r i t e r i a  f o r  t he  e f f e c t s  of  weight lessness  
and more sys temat ic  s t u d i e s  i n  t h i s  area are requi red  [4,, 2151. For example, 
the  establ ishment  of  d i f f e rences  i n  t h e  condi t ion  of the  ca rd iovascu la r  system 
i n  the  members of  t he  crew t h a t  went t o  the  s u r f a c e  of t he  moon and remained i n  
lunar  o r b i t  on t h i s  same occasion in t roduced  a c e r t a i n  degree of  indeterminacy 
t o  t h e  problem of  the  inf luence  of weight lessness  and subgrav i t a t ion  on t h e  
r eac t ions  of  t h i s  sys t em.  Such an indeterminacy must be resolved by f u r t h e r  
s t u d i e s  [215].  

Metabolism. Weightlessness a f f e c t s  t h e  f l u i d  balance as we1 1 as p r o t e i n ,  
f a t ,  carbohydrate and mineral  metabolism, and a l s o  a f f e c t s  c e r t a i n  endocrine 
func t ions  [S ,  24, 116, 148,  1531. The decrease i n  t h e  mass of  t h e  body and 
consequently i t s  weight has been observed fol lowing f l i g h t s  i n  p r a c t i c a l l y  a l l  
cosmonauts. Most o f  t h e  weight d e f i c i t  was as soc ia t ed  with a l o s s  o f  water  
( inc lud ing  i n t r a c e l l u l a r  f l u i d )  and e l e c t r o l y t e s ,  p a r t i c u l a r l y  potassium, 
sodium and ch lo r ides .  Thus, fol lowing t h e  conclusion of t he  f l i g h t s ,  a d e f i c i t  
i n  t he  t o t a l  potassium content  i n  t h e  organism was observed. During t h e  pos t -  
f l i g h t  per iod ,  t h e r e  was a r e t en t ion  of  water  and e l e c t r o l y t e s  which i n  most 
cases  (but not  a l l )  allowed recovery o f  body weight wi th in  s e v e r a l  days.  The 
decrease i n  t h e  e ry th rocy te  mass observed by American authors  fol lowing the  end 
of f l i g h t s  probably was l inked  t o  t h e  increased  conten t  o f  oxygen i n  t h e  space- 
c r a f t  atmosphere. 

Bone-Muscle System. The weakening o f  t h e  inf luence  o f  e x t e r n a l  fo rces  on 
t h e  s t r u c t u r e s  which support  t h e  weight load leads t o  a l o s s  o f  calcium and 
o t h e r  mineral  substances t h a t  a r e  important  f o r  maintaining t h e  i n t e g r i t y  of  
t h e  bones [7,  203, 2271. I f  a loss  o f  t h i s  kind i s  continued f o r  a long 
pe r iod  of time, t h e  mass o f  bone and muscle and t h e i r  r e s i s t a n c e  t o  stress w i l l  
decrease .  Although no muscle atrophy was observed i n  t h e  cosmonauts fol lowing 
14 days of exposure t o  weight lessness ,  t h e r e  was a s l i g h t  nega t ive  n i t rogen  
balance and a s l i g h t  weakness i n  t h e  e x t r e m i t i e s  [145] .  

Following exposure t o  weight lessness ,  Sovie t  s c i e n t i s t s  found changes i n  
p r o t e i n  metabolism i n  animals and man [91, 107, 1161. The s t r e n g t h  and tone 
o f  muscles as well as the  per imeter  of  t h e  lower ex t r emi t i e s  had decreased 
[81, 1 2 1 1 .  
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Changes involving physiological  f u n c t i o n s ,  occur r ing  i n  a s t a t e  o f  
weight lessness ,  and t h e i r  i n t e r a c t i o n s  a r e  represented  schemat ica l ly  i n  
Figure 5 .  The d i r e c t i o n a l i t y  o f  ind iv idua l  changes ( i n c r e a s e  o r  decrease)  was 
determined by comparing p r e f l i g h t  and p o s t f l i g h t  d a t a  f o r  t h e  same crew members 
( represented  i n  t h e  diagram by small arrows t h a t  a r e  loca ted  i n  t h e  immediate 
v i c i n i t y  o f  t h e  i n d i c a t e d  functions o r  component elements o f  t h e  organism. 
The l a r g e r  and longer arrows, which j o i n  t h e  var ious  p a r t s  o f  t h e  diagram, were 
ured t o  represent  t h e  p o s s i b l e  r e l a t i o n s h i p s  between t h e  changes i n  i n d i v i d u a l  
funct ions and systems with o the r s )  [ 2 7 4 ] .  

Regardless o f  t h e  f a c t  t h a t  prolonged weight lessness  and a decrease i n  
s t ress  can have a s t h e n i z i n g  e f f ec t s  on t h e  bone and muscle system, t h e r e  i s  no 
need t o  view t h i s  as  a b a r r i e r  t o  long space f l i g h t s  which are planned f o r  t h e  
f u t u r e .  In t h e  f i rs t  p l ace ,  i n  order  t o  maintain t h e  h e a l t h  and unin jured  
s t a t u s  o f  t he  organism, it  may be found t o  be e f f e c t i v e  t o  use a number of 
p r o t e c t i v e  measures such as physical  exercises dur ing  f l i g h t ,  p r e f l i g h t  t r a i n -  
i n g ,  a s p e c i a l  d i e t ,  medicinal prepara t ions ,  a r t i f i c i a l  g r a v i t a t i o n  and o t h e r  
measures. In  t h e  second p l a c e ,  some o f  t h e  symptoms o f  i n s u f f i c i e n c y  which 
a r e  observed following space f l i g h t  may be due no t  s o  much t o  t h e  i n f l u e n c e  o f  
weight lessness  i t s e l f  as t o  o t h e r  f a c t o r s  and s t r e s s f u l  in f luences  t h a t  are 
a s s o c i a t e d  with s p e c i f i c  condi t ions o f  t h e s e  f l i g h t s .  
l imits  o f  t h e  changes caused by weight lessness  i n  t h e  organism have not  y e t  
been determined completely,  it i s  known t h a t  man can a d j u s t  t o  t h e s e  condi t ions  
a t  t h e  p r i c e  of c e r t a i n  physiological  l o s s e s .  

Although t h e  ra te  and 

We know from examination da ta  t h a t  t h e  most important f a c t o r  i n  s tudying  
weight lessness  i s  t h e  determination o f  t h e  accommodative changes, t h e  l e v e l  o f  
a d a p t a t i o n  and t h e  measures t h a t  a r e  necessary f o r  i t s  r e t e n t i o n .  There i s  an 
i n d i c a t i o n  t h a t  man can l i v e  and work a t  zero G f o r  several weeks and t h a t  
c e r t a i n  adapt ive processes  occur  i n  t h e  course o f  t h e  establ ishment  o f  homeo- 
s t a s i s  a t  a new l e v e l .  

The schematic representa t ion  o f  t h e  h y p o t h e t i c a l  concepts t h a t  re fe r  t o  
t h e  var ious most s i g n i f i c a n t  adapta t iona l  processes  i s  shown i n  Table 4 [150]. 
E s s e n t i a l l y ,  i t  is  assumed t h a t  the t o t a l  volume o f  blood c i r c u l a t i n g  i n  t h e  
organism i s  r e d i s t r i b u t e d  i n  accordance with a new f i e l d  o f  fo rces  t h a t  arises 
dur ing  weight lessness .  This f a c t o r  inc ludes  t h e  inf luence  o f  hormonal 
r e a c t i o n s  which r e s t o r e  t h e  d is turbed  phys io logica l  equi l ibr ium.  The a c t i v i t y  
o f  t h e  h e a r t ,  r e s p i r a t i o n ,  metabolism are a l l  changed, s o  t h a t  they can a d j u s t  
t o  t h e  reduced phys ica l  s t ress  on t h e  organism. The assumption appears j u s t i -  
f i e d  t h a t  a l l  func t ions  may poss ib ly  be  s t a b i l i z e d  a t  a new lower l e v e l  of 
a c t i v i t y .  The schematic diagram o f  t h e  sequence o f  t h e s e  processes  i s  found 
i n  Figure 6 [151].  

The second b i g  problem is developing methods o f  p r o t e c t i n g  t h e  organism 
a g a i n s t  t h e  unfavorable e f f e c t s  of weight lessness .  I n s u f f i c i e n c y  o f  t h e  
bone-muscle system and t h e  lack of t r a i n i n g  o f  t h e  card iovascular  system may 
be viewed as dangerous symptoms. 
have included experiments on animals and research  with human p a r t i c i p a t i o n .  
I t  was r e c e n t l y  repor ted  t h a t  animals can be  t r a i n e d  so as t o  be a b l e  t o  
perce ive  an increased  l e v e l  o f  G a s  a p h y s i o l o g i c a l l y  t o l e r a b l e ,  o r  normal, 

Work aimed a t  f i n d i n g  methods o f  p r o t e c t i o n  

- /37  

/38 
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and t h a t  g r a v i t a t i o n ,  as a s t imulus,  can inf luence  the  behavior  of  mammals 
[231] .  The m i n i m a l  fo rce  o f  a t t r a c t i o n  a t  which motor func t ions  and b io -  
e l e c t r i c a l  p o t e n t i a l s  of muscle r e tu rn  t o  normal i s  about 0 . 3  G [130] .  However 
i t  must be kept i n  mind t h a t  t h e  problem 
t a t i o n  f o r  man i n  space i s  a very complicated one and r equ i r e s  f u r t h e r  s tudy .  
The advantages and l i m i t a t i o n s  of t h i s  method must be c a r e f u l l y  weighed, 

[ 3 1 ] .  
must be c a r r i e d  out  before  man makes t h e  t r a n s i t i o n  t o  a s t a t e  of  a l t e r e d  
g r a v i t a t i o n  and during the  per iod fol lowing.  

of t he  need f o r  a r t i f i c i a l  g rav i -  

p a r t i c u l a r l y  w i t h  cons idera t ion  of t h e  func t ion  of the  v e s t i b u l a r  apparatus  - /39 
I t  i s  necessary t o  s tudy the p reven ta t ive  and t h e r a p e u t i c  measures which 

TABLE 4 .  LIST OF EXISTING HYPOTHESES WITH RESPECT TO PROCESSES THAT 
INFLUENCE THE ADAPTATION OF MAN TO WEIGHTLESSNESS [150] 

~-~ ~~~ 

Ph en omena Reactions of  t h e  Organism 

Inf luence  of weight lessness .  The organism a t tempts  t o  reduce the  volume. 
Red i s t r ibu t ion  of t he  volume L There i s  a decrease i n  t h e  conten t  o f  
o f  c i r c u l a t i n g  blood. a n t i d i u r e t i c  hormone and product ion of 

/ 
Losses of water ,  sodium and Decrease i n  plasma volume. Increase  i n  
potassium ( l o s s  of  body weight) .- a ldos te rone  conten t  (secondary a ldos te ron-  

Increase  i n  sodium r e t e n t i o n .  / I n t e r c e l l u l a r  exchange o f  potassium and 
Loss of potassium cont inues .  hydrogen i o n s .  Decrease i n  bone dens i ty ,  
Acidosis  i n  the  c e l l s ,  a l k a l o s i s  *potassium r e t e n t i o n  i n  muscle c e l l s ,  as 
i n  t h e  i n t e r c e l l u l a r  f l u i d .  we l l  as muscle mass, poss ib ly  inc luding  

i sm) .  

c a r d i  ac  mus c 1 e .  

S t a b i l i z a t i o n  a t  a new e f f e c t i v e  l e v e l  f o r  
t h e  volume o f  c i r c u l a t i n g  blood. 

organism e s t a b l i s h e d .  

N e w  
Respi ra tory  and rena l  com- / 
pensa t ion .  Weight l o s s  
ceases .  f l u i d  and e l e c t r o l y t e  ba lance  i n  t h e  
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11. MECHANISMS OF FUNCTIONAL CHANGES I N  THE CONDITION OF 
WE1 CHTLESSNESS AND IN ITS SIMULATION UNDER LABORATORY CONDITIONS 

1. Reactions That Are Pr imar i ly  Responsible f o r  t h e  Changes Involving t h e  
Afferent  Branch o f  t h e  Nervous System 
_ _ _ _ ~ _ _ _ _ _  

Although experiments on animals and observa t ions  o f  human beings during 
p a r a b o l i c  and space f l i g h t s  have revea led  c e r t a i n  changes i n  t h e  organism under 
t h e  inf luence  of weight lessness ,  t h e  major i ty  o f  such processes  as psychomotor 
a c t i v i t y ,  motor a c t i v i t y ,  and the  func t ions  o f  t h e  c e n t r a l  nervous system, t h e  
i n t e r a c t i o n s  between t h e  crew members and t h e i r  p r o f e s s i o n a l  h a b i t s  remain 
unchanged. A d e t a i l e d  s tudy o f  the  s u b j e c t i v e  s e n s a t i o n s  and sensomotor re- 
a c t i o n s  t h a t  a r i se  i n  human beings dur ing  f l i g h t s  i n  a Kepler t r a j e c t o r y  can 
be found i n  prev ious ly  publ ished papers [65, 127, 183, 188, 2483. We a l s o  
have d a t a  on t h e  var ious  forms of a c t i v i t y  i n s i d e  and o u t s i d e  t h e  s p a c e c r a f t  
dur ing  weight lessness ,  as well  as i t s  s imula t ion ,  f o r  example, with respec t  
t o  p u t t i n g  on c l o t h i n g ,  us ing  handles,  switches and manual t o o l s ,  c a r r y i n g  ou t  
work i n  o r b i t  and on t h e  moon, techniques and methods o f  moving around, 
dynamics of tu rn ing  a t  w i l l ,  methods o f  l i m i t i n g  speed and braking ,  as wel l  as 
methods o f  moving around i n  space and on t h e  moon [71, 90, 248, 2531. 
Although t h e  func t ions  o f  t h e  v e s t i b u l a r  ana lyzer  are o f  i n t e r e s t  i n  themselves,  
w e  must a l s o  consider  t h e  mechanisms o f  c e r e b r a l  c o n t r o l  and t h e  s i g n i f i c a n c e  
o f  c o n t r a d i c t o r y  nerve in f luences .  

Many researchers  have shown t h a t  during t h e  t r a n s i t i o n  from t e r r e s t r i a l  - /4  1 
g r a v i t y  t o  a s t a t e  of weight lessness ,  some persons show an i n c r e a s e  i n  t h e  
p r e d i s p o s i t i o n  t o  motion s ickness  [65, 67, 129, 142, 1'831. I t  has  been found 
t h a t  unfavorable  r e a c t i o n s  during o r b i t a l  f l i g h t s  may be caused both by a l ack  
o f  g r a v i t a t i o n a l  s t i m u l a t i o n  of o t o l i t h s  and by a p o s s i b l e  s t i m u l a t i o n  o f  t h e  
s e m i c i r c u l a r  cana l s  dur ing  movements o f  t h e  head and body [128] .  I n  weight- 
l e s s n e s s ,  t h e  o t o l i t h  organs r e a c t  t o  changes i n  a c c e l e r a t i o n  [188].  Follow- 
i n g  an i n i t i a l  i n c r e a s e  i n  a c t i v i t y  during t h e  t r a n s i t i o n a l  pe r iod ,  they 
adapt  t o  zero a c c e l e r a t i o n  and t h e i r  b i o e l e c t r i c a l  a c t i v i t y  decreases  [ZOO]. 
Observations made during p a r a b o l i c  f l i g h t s  have shown t h a t  t h e  development o f  
such r e a c t i o n s  as nausea and vomiting are governed by t h e  func t ion  o f  t h e  
l a b y r i n t h  [ 1981. Reactions t o  C o r i o l i s  a c c e l e r a t i o n  u s u a l l y  develop i n  
persons with a normal l a b y r i n t h  and do n o t  occur  i n  persons having a l a b y r i n t h  
t h a t  is d e f e c t i v e  [165].  The i l l u s i o n  of "spinning" a l s o  develops i n  
i n d i v i d u a l s  with a normally funct ioning l a b y r i n t h  [176].  

Table 5 descr ibes  some o f  the  i l l u s o r y  s e n s a t i o n s  and symptoms of  motion 
s i c k n e s s  t h a t  arise i n  a s t r o n a u t s  aboard Apollo s p a c e c r a f t  [152].  I t  i s  c lear  
from t h e  t a b l e  t h a t  almost a l l  t h e  a s t r o n a u t s  who flew aboard t h e  Apollo 
s p a c e c r a f t  mentioned cases o f  motion s ickness  i n  t h e i r  anamnesis t h a t  
developed aboard ground, a i r  and water means of t r a n s p o r t a t i o n .  Four i n d i v i d -  
u a l s  never  had s u f f e r e d  motion sickness and only t h r e e  out  o f  27 vomited i n  
space (not n e c e s s a r i l y  as a r e s u l t  of  t h e  a c t i o n  of  weight lessness) .  I n  o t h e r  
words, t h e  r e l a t i o n s h i p  between the  e x i s t e n c e  of motion s ickness  i n  t h e  
anamnesis and t h e  development o f  symptoms o f  t h i s  d i s e a s e  dur ing  space f l i g h t  
i s  q u i t e  unc lea r .  Unpleasant sensa t ions  were likewise s u f f e r e d  by t h e  Sovie t  /45 - 
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cosmonauts. I t  i s  poss ib l e  t h a t  t h i s  was caused by the  fact  t h a t  with a lack 
of g r a v i t a t i o n  t h e  unusual a f f e ren t  s i g n a l s  c r ea t ed  a fa lse  sensa t ion  of  
t i l t i n g  and f a l l i n g ,  and consequently a f e e l i n g  of  discomfort  i n  t h e  stomach, 
d i zz iness  and f a t i g u e .  Hydromechanical processes  i n  the  s e m i c i r c u l a r  cana l s  
can a l s o  promote the  development of  s p a t i a l  i l l u s i o n s ,  e s p e c i a l l y  t h e  f e e l i n g  
of  sp inning  and the  idea  t h a t  the body i s  upside down [176, 2 5 2 1 .  

The v e s t i b u l a r  func t ion  i s  l inked i n  d i f f e r e n t  ways t o  t h e  func t ioning  of  
o t h e r  systems i n  the  organism. 
s t a y  i n  weight lessness  produce se r ious  e f f e c t s  i n  c i r c u l a t i o n  [ 4 ,  43 ,  87, 2641. 
Under weight lessness  cond i t ions ,  t h e r e  is  sometimes a predominance of t h e  
inf luence  of  t he  vagus nerve which i s  expressed i n  the  form of  bradycard ia  
and g a s t r o i n t e s t i n a l  d i s turbances ,  may cause nausea and t h e  sensa t ion  of d i s -  
comfort; t hese  phenomena may e a s i l y  be  taken i n  e r r o r  as vege ta t ive  symptoms 
of  s i ckness  having a v e s t i b u l a r  o r i g i n .  Such symptoms may be  due s o l e l y  t o  
i n s u f f i c i e n c y  of  t h e  card iovascular  system as t h e  r e s u l t  o f  t he  fact  t h a t  a 
sensa t ion  of  danger a r i s e s  from an inadequate  percept ion  o f  t h e  i n e r t i a l  and 
dynamic e x t e r n a l  condi t ions ,  a need f o r  muscular exe rc i se ,  r e s u l t i n g  i n  a 
d ive r s ion  o f  t h e  c i r c u l a t i n g  blood t o  t h e  muscles [254, 2551. A s  t h e  du ra t ion  
of  space f l i g h t s  i nc reases  and the  in f luence  o f  weight lessness  a c t i n g  on t h e  
a f f e r e n t  branch of t h e  nervous s y s t e m  becomes more important ,  changes involving 
t h e  r ecep to r s  o f  t h e  c i r c u l a t o r y  system and the  neuromuscular appara tus  may 
cons iderably  a l t e r  t he  i n t e r n a l  condi t ion o f  t h e  organism. Under c e r t a i n  
cond i t ions ,  t h i s  causes func t iona l  d i s tu rbances .  The o r i g i n  o f  t h e s e  d i s -  
tu rbances  probably can be t r aced  by r e t u r n i n g  t o  t h e  primary sources  o r  t o  a 
s y n e r g i s t i c  i n t e r a c t i o n  of  t h e  l a t t e r .  The primary sources  inc lude  the  
fol lowing:  decreased a c t i v i t y  of  t h e  neurohumoral and neuro - re f l ex  mechanisms 
o f  r e g u l a t i o n  as a r e s u l t  o f  a lack or l i m i t a t i o n  o f  sensory inpu t ,  d i s turbance  
o f  t h e  neuro-physiological  r eac t ions  caused by inadequacy or an unusual n a t u r e  
o f  sensory inpu t ,  as well as an i n s u f f i c i e n c y  or i n t e r r u p t i o n  o f  neuro- 
phys io log ica l  func t ions  as t h e  r e s u l t  o f  g- forces  or a c o n f l i c t  between 
i n d i v i d u a l  systems. 

We know t h a t  prolonged immobilization and a 

In conjunct ion with t h e  ac t ion  o f  prolonged weight lessness ,  t h e r e  are  two 
b a s i c  problems t h a t  a r i s e :  1) t o  what degree w i l l  t h e  sensory percept ion  and 
motor r eac t ion  change and 2) w i l l  t h e  changes i n  t h e  func t iona l  condi t ion  o f  
t h e  organism be s o  g r e a t  t h a t  subsequent r eadap ta t ion  t o  condi t ions  of  normal 
g r a v i t a t i o n  w i l l  be d i f f i c u l t  and even dangerous? E s s e n t i a l l y  t h i s  b o i l s  down 
t o  t h e  ques t ion  of whether we want t h e  organism t o  adapt completely t o  
weight lessness  condi t ions .  In order  t o  answer t h e s e  ques t ions  it i s  necessary  
first o f  a l l  t o  examine t h e  complicated processes  of neuro-physiological  
adap ta t ion  i n  g r e a t e r  d e t a i l  and i n  t h e  second p l a c e  t o  determine t h e  na tu re  
o f  t he  compensatory p o s s i b i l i t i e s  o f  t h e  organism. A t  t h e  p re sen t  time, we 
have s u f f i c i e n t  d a t a  t h a t  we can p r e d i c t  t h e  r e a c t i o n s  o f  t h e  organism o f  
mammals t o  a s t a y  i n  weight lessness  f o r  a r e l a t i v e l y  s h o r t  time. However, 
t h e s e  d a t a  do n o t  make i t  poss ib l e  t o  draw any s p e c i f i c  conclusions r e l a t i v e  
t o  t h e  prevent ion  of problems involving t h e  a f f e r e n t  branch o f  t h e  nervous 
system, and t h e  r e l a t e d  i l l u s o r y  sensa t ions  and attacks o f  motion s i ckness  
t h a t  accompany i t  and f i n a l l y ,  with r e spec t  t o  t h e  d e s i r a b i l i t y  o f  complete 
adap ta t ion  by man t o  a s ta te  of weight lessness .  

. 
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2 .  Reactions Which Are P r i m a r i l y  Caused By An Absence 
Blood Pressure 

of Hydros t a t i c  

Red i s t r ibu t ion  of f l u i d  i n  a system o f  e l a s t i c  r e s e r v o i r s  i s  determined 
by the  laws of h y d r o s t a t i c s .  
po r t iona l  t o  t h e  he igh t  of a column of f l u i d  and i t s  s p e c i f i c  g r a v i t y ,  a c t i n g  
on t h e  wal l s  of  t h e  r e s e r v o i r ,  causes t h e i r  d i s t e n s i o n  and corresponding 
movement of t h e  f l u i d  downward. This type  of  r e l a t i o n s h i p  a l s o  e x i s t s  i n  t h e  
d i s t r i b u t i o n  of  b i o l o g i c a l  f l u ids  (mainly blood) i n  man and animals under 
t e r r e s t r i a l  cond i t ions .  Remaining i n  a v e r t i c a l  p o s i t i o n  i s  accompanied by 
depos i t ion  of a c e r t a i n  volume of blood i n  the  lower h a l f  o f  the  body, a 
decrease i n  venous r e t u r n  t o  t h e  h e a r t ,  s y s t o l i c  e j e c t i o n  and a number o f  
corresponding compensatory r eac t ions .  Some feel  t h a t  d i s t r i b u t i o n  of  a f l u i d  
medium i n  t h e  organism i s  the  most important  b i o l o g i c a l  r e a c t i o n  t o  g rav i -  
t a t i o n  [196] .  Walking, running, jumping, changing t h e  p o s i t i o n  of  t h e  body i n  
space a l l  change t h e  magnitude and d i r e c t i o n  of  t h e  g r a v i t a t i o n a l  s h i f t i n g  of  
t h e  blood i n  man. Hence, our  organism is  i n  a s t a t e  o f  cons tan t  r ead iness  f o r  
ca r ry ing  out  compensatory reac t ions  t h a t  are' a s s o c i a t e d  with t h e  a c t i o n  of  t h e  
h y d r o s t a t i c  f a c t o r .  A cons tan t  s t a y  i n  bed f o r  a long pe r iod  of  time changes 
t h e  magnitude and d i r e c t i o n  o f  the h y d r o s t a t i c  forces  while  immersion i n  water 
promotes t h e i r  n e u t r a l i z a t i o n ,  s ince  t h e  immersion medium causes an equiva len t  
counterpressure  through t h e  s o f t  t i s s u e s  on t h e  vascu la r  walls. In  a s t a t e  of /48 
weight lessness  t h e  ac t ion  of t h e  h y d r o s t a t i c  p re s su re  i s  completely e l imina ted .  
The r e s u l t  o f  a l l  t h e s e  processes i s  a r e l a t i v e  r e d i s t r i b u t i o n  of  t h e  blood 
from the  lower h a l f  o f  t h e  body t o  t h e  upper h a l f .  

The h y d r o s t a t i c  p re s su re ,  whose l e v e l  i s  pro- 

- 

Hyperemia o f  the  cutaneous coverings i n  m a n ,  t h e  development o f  edema o f  
t h e  nasopharynx and t i s s u e s  o f  the face under weight lessness  condi t ions  may 
a l s o  be l inked  t o  t h e  mechanism o f  r e d i s t r i b u t i o n  of t h e  blood [25,  84 ,  1431. 
Electroplethysmographic  s t u d i e s ,  conducted during b r i e f  weight lessness  i n  an 
a i r c r a f t ,  revea led  an inc rease  i n  t h e  f i l l i n g  of  t h e  v e s s e l s  and organs of t h e  
ches t  with blood [16, 821.  
111, us ing  a monkey [233] and a l so  dur ing  water immersion of  human beings 
[136] ,  an inc rease  was noted i n  the c e n t r a l  venous p re s su re .  
i n  a h o r i z o n t a l  p o s i t i o n  has  been found t o  cause s t agnan t  d i l a t i o n  of t h e  
v e s s e l s  o f  t h e  fundus o f  t h e  eye [45] .  

In  an experiment aboard t h e  American B i o s a t e l l i t e  

A prolonged s t a y  

The r e l a t i v e  inc rease  i n  the c e n t r a l  blood volume accompanying t h e  de- 
c r e a s e  i n  h y d r o s t a t i c  p re s su re ,  according t o  t h e  d a t a  o f  Gauer e t  a l . ,  
i s  approximately 400 cm3 [180]. 
l eads  t o  plasma l o s s  and a decrease i n  t h e  t o t a l  volume of  c i r c u l a t i n g  blood 
t o  a l e v e l  a t  which t h e  f i l l i n g  of t h e  c e n t r a l  veins  with blood corresponds t o  
t h e  "homeostatic norm". The r ecep to r  zone of  t h i s  r e f l e x  c o n s i s t s  o f  volume 
recep to r s  which are loca ted  pr imar i ly  i n  t h e  reg ion  of  t h e  l e f t  a u r i c l e  [179, 
180, 2051. Impulses from the  volume recep to r s ,  a r i s i n g  as a r e s u l t  o f  t h e  
d i s t e n s i o n  of  t h e  l e f t  a u r i c l e ,  t r a v e l  a long t h e  vagus t o  t h e  medulla 
oblongata  and t h e  sup raop t i ca l  region o f  t h e  hypothalamus and i n h i b i t  t h e  
s e c r e t i o n  of  a n t i d i u r e t i c  hormone (ADH).  The l a t t e r  i s  s t o r e d  i n  t h e  neuro- 
hypophysis and i s  excre ted  from t h i s  organ i n t o  t h e  blood.  A decrease  i n  t h e  
ADH concent ra t ion  i n  t h e  blood leads t o  a drop i n  t h e  reabsorp t ion  of water and 
sodium i n  t h e  kidneys,  increased  d i u r e s i s  and plasma l o s s .  A t  t he  same time, 

I t  i s  an ins tan taneous  r e f l e x  mechanism t h a t  
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t h e r e  i s  a decrease i n  t h i r s t  and a nega t ive  water  balance is  e s t a b l i s h e d .  
Dis ten t ion  of  t he  l e f t  a u r i c l e  can a l s o  cause r e f l e x  spasm of  t h e  a r t e r i o l e s  i n  
the  l e s s e r  c i r c u l a t i o n  (Kitayev r e f l ex )  w i t h  a subsequent r i s e  i n  p re s su re  i n  
the  system o f  t h e  pulmonary a r t e r y  and an inc rease  i n  t h e  load on t h e  r i g h t  
v e n t r i c l e  [ 641 .  

In experiments with laboratory s imula t ion  of weight lessness  t h e  plasma 
l o s s  was 300-800 m l  [220 ,  237, 2681. During the  p o s t f l i g h t  pe r iod ,  t h e  
a s t ronau t s  i n  most cases  a l s o  showed a drop i n  t h e  volume of  c i r c u l a t i n g  plasma 
by 100-500 m l  (up t o  13%) [146, 1481. 

The processes  of r e s t r u c t u r i n g  o f  water-salt exchange i n  t h e  development 
of  a r e l a t i v e  dehydrat ion i n  t h e  absence of h y d r o s t a t i c  p re s su re  of  t h e  blood 
occur  q u i t e  r ap id ly ,  p r imar i ly  during the  f i r s t  48 hours of  exposure,  a f t e r  
which t h e  water exchange s e t t l e s  a t  a new lower balanced l e v e l  [103, 2681. 
There i s  a decrease i n  t h e  i n t e n s i t y  of  d i u r e s i s  and the  amount o f  water used 
[61 * 

The th ickening  o f  t he  blood caused by plasma l o s s  i s  accompanied by an 
inc rease  i n  the  hematocri t  [24, 156, 195, 2561 and v i s c o s i t y  of t h e  blood, 
although t h e r e  may be a la ter  decrease i n  t h e  mass o f  e ry th rocy te s  [143, 237, 
2381. As a r e s u l t  t he  r a t i o  between the  formed elements of  t h e  blood and the  
plasma r e t u r n s  t o  normal [195] .  In  t h e  l a t e  s t ages  of  experimental  s imula t ion  /SO 
of  weight lessness  t h e r e  i s  a tendency toward an inc rease  i n  the  volume of 
c i r c u l a t i n g  blood [95, 2661. Since no decrease  i n  t h e  volume of  c i r c u l a t i n g  
plasma was observed following the 14-day f l i g h t  o f  t h e  "Gemini-7" s p a c e c r a f t ,  
i t  i s  necessary t o  assume the  ex is tence  o f  some mechanisms f o r  compensation f o r  
plasma l o s s .  One o f  t hese  may be r e l a t e d  t o  t h e  inc rease  i n  the  concent ra t ion  
of  a ldos t e rone  during f l i g h t  [143, 1461. This  hormone, which i s  produced i n  
t h e  adrenal  co r t ex  as a r u l e  promotes sodium and water  r e t e n t i o n  i n  the  
organism. The ques t ion  o f  t h e  production o f  increased  a ldos te rone  exc re t ion  
i n  the  u r i n e  dur ing  space f l i g h t  and i t s  concre te  causes  r equ i r e  f u r t h e r  
r e sea rch .  We a l s o  cannot exclude t h e  p o s s i b i l i t y  t h a t  t he  r e s t o r a t i o n  o f  t h e  
volume of  c i r c u l a t i n g  plasma aga ins t  a background o f  a prolonged absence o f  
h y d r o s t a t i c  p re s su re  of  t h e  blood can a l s o  depend on t h e  change i n  s e n s i t i v i t y  
o f  t h e  volume recep to r s  i n  the  l e f t  a u r i c l e .  

- 

Fluid l o s s  se rves  as one of  t he  reasons f o r  t h e  decrease i n  body weight 
which f r equen t ly  i s  recorded i n  the pos t  f l i g h t  pe r iod  and fo l lowing  t h e  end 
o f  experiments involving s imulat ion o f  weight lessness  [ S ,  24 ,  25, 103, 106, 
107, 159, 1901. ?he magnitude of t h i s  decrease  i s  from 2-5% o f  t h e  o r i g i n a l  
body weight on t h e  average and has l i t t l e  t o  do with t h e  dura t ion  of  t h e  
a c t i o n ;  i t  i s  compensated r e l a t i v e l y  r a p i d l y  by the  inc rease  i n  water  con- 
sumption and reduced d i u r e s i s  (Figure 7 ) .  
incomplete water  r e t e n t i o n  i n  a t e s t  with a water load for t h e  crew o f  t h e  
"Soyuz-9" s p a c e c r a f t  fol lowing t h e i r  18-day f l i g h t  [ 251 may be expla ined  
e i t h e r  by t h e  cons iderable  changes i n  t h e  s e n s i t i v i t y  o f  t he  volume recep to r s  
o r  by t h e  f a c t  t h a t  t he  weight losses were l inked  p r imar i ly  not  w i t h  dehydra- 
t i o n  bu t  with a decrease i n  muscle mass. The f a c t o r s  t h a t  form t h e  b a s i s  of 
muscle a t rophy w i l l  be d iscussed  i n  s e c t i o n  2.3.  

A slower r e s t o r a t i o n  o f  weight and 
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S t i l l  another  s p e c i f i c  r e s u l t  o f  t he  lack of  h y d r o s t a t i c  p re s su re  may be  
the  development of changes i n  venous tone ( e s p e c i a l l y  the  ves se l s  o f  t h e  lower 
e x t r e m i t i e s ) ,  whose r egu la t ion  under t e r r e s t r i a l  condi t ions  i s  governed 
p r imar i ly  by the  v a r i a t i o n s  i n  h y d r o s t a t i c  p re s su re .  
ments with s imulat ion of weight lessness  l e d  t o  a change i n  t he  f l e x i b l e -  
e l a s t i c  p r o p e r t i e s  o f  t he  veins  when the  l a t t e r  were deprived o f  t h i s  primary 
s t imu lus .  
d e t e r i o r a t e  [96, 138, 2341. Judging by t h e  l a t e s t  d a t a ,  t he  tendency toward 
a decrease i n  d i s t e n s i b i l i t y  o f  the v e s s e l s  o f  t h e  l egs  i s  observed i n  cosmo- 
nauts  during the  p o s t f l i g h t  per iod as we l l ,  al though i t  was previous ly  r epor t ed  
t h a t  t h i s  parameter r e tu rned  t o  normal [146, 1481. 

In  p a r t i c u l a r ,  expe r i -  

They become r i g i d  and t h e i r  d i s t e n t i o n  and c o n t r a c t i b i l i t y  

A r egu la r  consequence of prolonged depr iva t ion  o r  decrease o f  h y d r o s t a t i c  
p re s su re  o f  blood i s  t h e  d e t e r i o r a t i o n  o f  t h e  pos tu ra l  r e a c t i o n  of  t h e  ca rd io -  
vascu la r  system. The decrease  i n  t h e  o r t h o s t a t i c  s t a b i l i t y  was a l s o  observed 
fol lowing the  f i r s t  manned space f l i g h t s  [105, 2251. La ter  t h i s  observa t ion  
was confirmed repea ted ly  [29, 143, 1711. The o r t h o s t a t i c  d i s turbances  appear 
sys t ema t i ca l ly  as well a f t e r  s tud ie s  involv ing  water  immersion and bed res t .  

The o r i g i n  of  t h e  o r t h o s t a t i c  problems i s  l inked  p r imar i ly  t o  phenomena - /52 
of  dehydration and more p r e c i s e l y  t o  a decrease  i n  t h e  t o t a l  volume of  c i r c u -  
l a t i n g  blood, inasmuch as it i n t e n s i f i e s  t h e  decrease i n  t h e  r e t u r n  of venous 
blood t o  t h e  h e a r t  with the  body i n  a v e r t i c a l  p o s i t i o n .  
mind t h a t  dehydration of any o r i g i n  (blood l o s s ,  l i m i t e d  water use ,  thermal 
s t r e s s )  has  a nega t ive  inf luence  on t h e  t o l e r a n c e  t o  in f luences  a s soc ia t ed  t o  
r e d i s t r i b u t i o n  of  t h e  blood t o  the  lower e x t r e m i t i e s  [190, 199, 2391. I t  i s  
true t h a t  not  a l l  authors  have found a clear c o r r e l a t i o n  between t h e  degree of  
dehydrat ion o r  t h e  decrease i n  the volume o f  t h e  c i r c u l a t i n g  blood on t h e  one 
hand and t h e  s e v e r i t y  o f  t h e  o r t h o s t a t i c  d i s turbances  on t h e  o t h e r ,  from which 
we can conclude t h a t  t h i s  mechanism i s  not  t h e  only one t h a t  takes  p a r t  i n  t h e  
formation of o r t h o s t a t i c  i n s t a b i l i t y  [96, 163, 257, 2681. The decrease i n  
muscle tone,  p a r t i c u l a r l y  i n  t h e  lower e x t r e m i t i e s ,  is  a l s o  q u i t e  important  i n  
t h e  o r i g i n  of o r t h o s t a t i c  problems t h a t  ar ise  fol lowing a s t ay  i n  weight less -  
ness  o r  under condi t ions  s imula t ing  i t  [49, 169, 220, 2381; t h e  capac i ty  o f  
t h e  venous depos i t  i n  t h e  lower ha l f  of  t h e  body [96, 138, 2341; t h e  perme- 
a b i l i t y  of t he  vascu la r  walls and t h e  l o s s  o f  plasma i n t o  t h e  i n t e r c e l l u l a r  
spaces  [169, 2691 ; t h e  c h a r a c t e r i s t i c s  of  t h e  neuro-humoral r egu la t ion  o f  t h e  
func t ions  i n  t h e  v e r t i c a l  pos i t i on  and f a t i g u e  [85,  96, 163, 191, 218, 232, 
2.501. 

I t  must be  kept  i n  

In  view o f  t h e  f a c t  t h a t  t he  phenomena a s soc ia t ed  wi th  o r t h o s t a t i c  
i n s t a b i l i t y  were very pronounced a f t e r  the  18-day f l i g h t  o f  t h e  crew o f  t h e  
11Soyuz-911 s p a c e c r a f t  [S I ,  considerable  p r a c t i c a l  s i g n i f i c a n c e  a t t a c h e s  t o  t h e  
t imely  d iagnos is  o f  p o t e n t i a l  o r t h o s t a t i c  i n s t a b i l i t y .  This can be accomplished 
by us ing  func t iona l  tests assoc ia ted  wi th  measured l i m i t a t i o n  of t h e  r e t u r n  o f  
venous blood t o  t h e  h e a r t .  I t  has been found i n  p a r t i c u l a r  t h a t  t h e r e  i s  a 
high degree o f  c o r r e l a t i o n  between r e a c t i o n s  t o  t h e  o r t h o s t a t i c  t e s t  and t h e  
Valsalva tes t  [167].  
lower h a l f  of t h e  body i s  p a r t i c u l a r l y  informat ive  [35, 208, 239, 2751. This 
t es t  may be performed dur ing  t h e  f l i g h t  i t s e l f  and i s  used a c t i v e l y  i n  p r e f l i g h t  
and p o s t f l i g h t  t e s t i n g  of cosmonauts [36, 147, 1481. 
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Dehydration caused by the  lack o r  reduct ion  of h y d r o s t a t i c  p re s su re  o f  
blood apparent ly  i s  a l s o  one of the reasons f o r  d e t e r i o r a t i o n  of  t o l e rance  t o  
a number of o t h e r  s t r e s s f u l  in f luences ,  p a r t i c u l a r l y  a c c e l e r a t i o n s  and 
phys ica l  s t r e s s e s .  In any case,  experimental  dehydrat ion t o  an ex ten t  t h a t  
amounts t o  more than 4% o f  body weight, according t o  t h e  d a t a  o f  Greenleaf e t  a l . ,  

l e d  t o  d is turbances  involving the  i somet r i c  muscle con t r ac t ion ,  phys ica l  
working capac i ty  and t o l e r a n c e  t o  l ong i tud ina l  a c c e l e r a t i o n s  (+ Gz) [ 1991 . 

These d a t a  confirm t h a t  t h e  end e f f e c t s  t h a t  r e s u l t  from the  mechanism 
o f  r e d i s t r i b u t i o n  of t h e  blood i n  a s ta te  of  weight lessness  are very s e r i o u s .  
Therefore ,  one can understand the cons iderable  emphasis which i s  p laced  a t  t h e  
p re sen t  time on t h e  development o f  measures f o r  prevent ion  of  changes 
a s soc ia t ed  with t h e  lack o f  h y d r o s t a t i c  blood p res su re  i n  weight lessness .  

3 .  Reactions o f  t h e  Organism Associated With t h e  Lack o f  Weight S t r e s s  on t h e  
Bone and Muscle Svstem 

/54 - 

Eliminat ion o f  weight s t r e s s  from t h e  support-motor apparatus  under con- 
d i t i o n s  of  weight lessness  se rves  as t he  p o s i t i v e  f a c t o r  f o r  a number o f  
systemic changes whose pathophysiological  b a s i s  i s  "disuse". 

The lack o f  a need f o r  ac t ive  oppos i t ion  t o  g r a v i t a t i o n a l  fo rces  and 
maintenance of  pos tu re ,  decrease  i n  muscle e f f o r t  t o  move t h e  body and i t s  
ind iv idua l  p a r t s  i n  space , on the b a s i s  of  t h e o r e t i c a l  cons ide ra t ions  a lone ,  
n e c e s s a r i l y  leads  t o  a decrease  in energy exchange and a decrease  i n  r e q u i r e -  
ments f o r  oxygen t r a n s p o r t  i n  the system. I n s u f f i c i e n t  loading  of  the  muscle 
system and suppor t ing  s t r u c t u r e s ,  s i g n i f i c a n t  r e s t r u c t u r i n g  o f  t h e  motor 
coord ina t ion  i n  t h e  unsupported s t a t e  a l s o  create t h e  precondi t ions  f o r  
changes i n  metabolism, neurohumoral mechanisms f o r  r e g u l a t i o n  o f  somatic  and 
v e g e t a t i v e  func t ions  and the  development o f  s o - c a l l e d  "hypodynamia syndrome". 

In  long experiments on t h e  ground with c o n t r o l l e d  l i m i t a t i o n  of  motor 
a c t i v i t y ,  e s p e c i a l l y  i t s  s p a t i a l  (hypokinesia)  and f o r c e  (hypodynamia) com- 
ponents ,  t h e r e  i s  a sys t ema t i c  decrease i n  b a s a l  metabolism ranging from 3-7 
t o  20-22% [62 ,  79, 169, 2231. The i n d i r e c t  de te rmina t ion  o f  t h e  l e v e l  o f  gas 
exchange under space  f l i g h t  condi t ions ,  c a r r i e d  o u t  by Sovie t  and American 
au thors  on t h e  b a s i s  o f  t h e  r e s u l t s  o f  chemical a n a l y s i s  o f  t h e  regenera t ion  
material, showed a s l i g h t  decrease i n  energy consumption t o  83.5-97.2 k c a l / h r  
[ 2 6 ,  1431. Ind iv idua l  d i r e c t  measurements o f  t h e  level of  gas exchange during /55 
space  f l i g h t s  s t i l l  w i l l  n o t  a l l o w  f i n a l  conclusions t o  be  drawn, s i n c e  both 
inc reases  and decreases  i n  oxygen consumption have been found [58, 611. 

- 

The decrease i n  energy metabolism is  one o f  t he  reasons f o r  t h e  decrease  
i n  food consumption. 
p a r t i c u l a r  i n  s t u d i e s  involv ing  use o f  water immersion and hypodynamia [103, 
1941. Use of food by American as t ronauts  making f l i g h t s  i n  t h e  "Gemini" 
program va r i ed  r a t h e r  widely from 1,000 t o  2,500 kcal /day,  whi le  i n  t h e  
"Apollotf program they were 1,680 kcal/day on t h e  average, i . e .  , they had 
decreased  1143, 1481. 

Observations of t h i s  kind have been conducted i n  
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Demineralization of bone t i s s u e ,  which has  been f r equen t ly  recorded i n  
t e r r e s t r i a l  experiments involving hypodynamia and fol lowing t h e  te rmina t ion  of  
a c t u a l  space f l i g h t s  i s  ev ident ly  t h e  consequence of a decrease i n  t h e  weight 
load on the  ske le ton ,  s ince  a s imulat ion of  t h i s  load decreases  the  demineral i -  
za t ion  [ 7 ,  75, 146, 147, 203, 2261 .. 

The decrease i n  t h e  o p t i c a l  dens i ty  of t he  calcaneus (hee l  bone) fol lowing 
f l i g h t s  reached 15-20% i n  some cases and was somewhat i n  excess o f  t h e  values  
t h a t  were recorded f o r  comparable pe r iods  o f  bed r e s t .  
crew the  method of  photon absorpt ion f a i l e d  t o  revea l  any symptoms o f  de- 
mine ra l i za t ion  of the  bones [153].  

In  t h e  "Apollo-14" 

There a r e  r epor t s  which i n d i c a t e  t h a t  calcium l o s s e s  with the  u r i n e  i n  a 
two week per iod  o f  s imula t ion  o f  weight lessness  amounted t o  2 grams and t h a t  
consequently even a 6-12 month s t ay  i n  a s t a t e  of weight lessness  would be 
completely harmless t o  man [170] .  I n  c o n t r a s t  t o  t h i s  p o i n t  o f  view, t h e r e  are 
t h e o r i e s  which hold t h a t  t h e  losses  
phys io log ica l  a c t i v i t y  can lead  t o  a number o f  func t iona l  d i s tu rbances ,  
p a r t i c u l a r l y  involving t h e  automatic na tu re  of  the  ca rd iac  muscle, conduction 
o f  s t i m u l i ,  coagula t ion  of blood, e tc .  [ S l ] .  In  add i t ion ,  it i s  a l s o  
necessary t o  take i n t o  account poss ib l e  changes i n  the  mechanical s t r e n g t h  o f  
t h e  ske le ton  due t o  i t s  d e c a l c i f i c a t i o n  [40 ] .  On t h e  b a s i s  of comparative 
phys io logica l  s t u d i e s  i t  has  been concluded t h a t  t h e  decrease i n  t h e  weight 
l oad  on t h e  bone-support  apparatus decreases  t h e  e r y t h r o p o i e t i c  func t ion  of 
t h e  bone marrow [68] .  

of calcium t h a t  a r e  caused by a high - /56 

I n s u f f i c i e n t  loading o f  t h e  muscle system, which develops even i n  cases  
o f  b r i e f  weight lessness  , t ak ing  the form of a decrease i n  b i o e l e c t r i c a l  
a c t i v i t y  o f  t h e  muscles of  t h e  neck, back and p e l v i s  [126] ,  r e s u l t s  i n  t h e  
development of  a number of  s p e c i f i c  problems. 
dynamia and fol lowing the  te rmina t ion  of  space f l i g h t s  t h e r e  i s  a decrease  i n  
t h e  volume of  muscles, p a r t i c u l a r l y  those  o f  t h e  lower e x t r e m i t i e s  [81,  85, 
1 2 1 1 .  Analy t ica l  s t u d i e s  performed on animals allow us t o  q u a l i f y  t h i s  
phenomenon as muscular a t rophy [41 ,  91, 1021. A t  t h e  same time, t h e r e  is  a 
change i n  p r o t e i n  metabolism and negat ive  n i t rogen  balance develops [ 103, 
114 ,  1161. Resynthesis o f  p ro t e in  and t h e  ra te  o f  i nc lus ion  of  amino ac ids  i n  
i t  l ikewise  decrease  [113, 1153. In  t h e  p o s t f l i g h t  pe r iod ,  cosmonauts have 
shown an increased  content  of urea i n  t h e  blood,  increased  exc re t ion  of  
c r e a t i n i n e  i n  t h e  u r ine  [5 ,  23, 291 and a decrease  i n  t h e  t o t a l  potassium 
content  i n  t h e  organism [150, 151, 1531, which a l s o  i n d i c a t e s  a breakdown of 
muscle p r o t e i n s .  

In experiments with hypo- 

We cannot exclude t h e  p o s s i b i l i t y  t h a t  it i s  p r e c i s e l y  t h e  development of 
d e s t r u c t i v e  processes  which serves  as t h e  cause f o r  t h e  inc rease  i n  s e d i -  
mentation ra te ,  t h e  occurrence of n e u t r o p h i l i c  leucocytos is  i n  t h e  lympho- 

t h e i r  r e t u r n  t o  Earth.  On t h e  o the r  hand, t hese  changes may be due t o  stress 
r e a c t i o n s  dur ing  t h e  p o s t f l i g h t  per iod.  
been an inc rease  i n  exc re t ion  of c o r t i c o s t e r o i d s  with t h e  u r ine  and an inc rease  
i n  t h e i r  concent ra t ion  i n  t h e  blood serum fo l lowing  f l i g h t ,  i n  add i t ion  t o  
hyperglycemia [81, 106, 107, 116, 146, 148, 1531. On t h e  o t h e r  hand, during 

and eosinopenia ,  which are recorded q u i t e  f r equen t ly  i n  cosmonauts fol lowing - /57 

To suppor t  t h i s  assumption, t h e r e  has 
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weight lessness  and during the  performance of model experiments,  a decrease i n  
the  a c t i v i t y  of  t h e  cor t icoadrena l  system has been observed [103, 191, 230, 
250, 2711. 

The na tu re  o f  t h e  motor a c t i v i t y  and n u t r i t i o n  under weight lessness  con- 
d i t i o n s  a l s o  a f f e c t  t h e  condi t ion of  l i p i d e  metabolism, which can be seen from 
the  inc rease  i n  t h e  content  of cho le s t e ro l ,  l e c i t h i n  and n o n - e s t e r i f i e d  f a t t y  
ac ids  i n  the  blood [23, 29, 91, 105, 106, 1871. The decrease i n  t h e  amount of 
c h o l e s t e r o l  i n  t h e  American as t ronauts  probably had t o  do with the  na tu re  o f  
t he  d i e t  and the  r e l a t i v e l y  low food consumption [148].  

Weightlessness,  as well as the experimental  hypodynamia, l eads  t o  a de- 
c rease  i n  the  tone of musculature, muscular s t r e n g t h ,  t o l e rance  and phys ica l  
working capac i ty  [46, 63, 76, 121,  220, 2231.  During the  first few days of  t he  
recovery per iod  t h e r e  is  normally evidence of  s e r i o u s  d is turbances  of  motor 
coord ina t ion  with r e spec t  t o  both s ta t ics  and dynamics [42, 101, 1081. 

These changes i n  t h e  support-motor apparatus  a r e  t h e  cause of d e t e r i o r -  
a t i o n  of t o l e rance  o f  a l l  those  s t r e s s f u l  s t i m u l i  i n  which t h e  increased  
requirements are imposed on t h e  muscle system i n  p a r t i c u l a r .  

The decrease i n  muscle tone,  phys ica l  s t r e s s  and energy exchange dur ing  
hypodynamia decrease t h e  requirements imposed on t h e  system f o r  t h e  t r a n s p o r t  
of oxygen and gradual ly  lead  t o  the development of a lack of t r a i n i n g  of  t h e  
ca rd iovascu la r  system with respect  t o  var ious  stresses. 
more than 10 days,  many au thors  have observed an inc rease  i n  t h e  pu l se  rate a t  
rest, which is  c h a r a c t e r i s t i c  o f t h e  de t r a ined  condi t ion  [SO, 86, 104, 261, 
2661. 
r e sea rche r s ,  decreases  under these  cond i t ions ,  although some hold t h e  
oppos i te  view [ l o ,  38, 83, 86, 95, 104, 2611. As fa r  as t h e  a r t e r i a l  p re s su re  
is  concerned, dur ing  t h e  i n i t i a l  per iod  o f  hypodynamia t h e r e  is  a predominance 
of t h e  hypotensive type of r eac t ion ,  while  l a te r  t h e  hypertensive v a r i e t y  i s  
more prominent [49, 86, 1101. 
p r e s s u r e  a r e  viewed by many authors as a predominance of  sympathetic e f f e c t s  
i n  t h e  r egu la t ion  of t h e  c a r d i a c  a c t i v i t y  due t o  func t iona l  i n s u f f i c i e n c y  o f  
t h e  vagus [80, 98, 1041. 

In  hypodynamia l a s t i n g  

The s y s t o l i c  blood volume, according t o  t h e  d a t a  o f  a major i ty  o f  

Such changes i n  t h e  pu l se  frequency and a r t e r i a l  

During the  18-day f l i g h t  of t h e  "Soyuz-9" s p a c e c r a f t ,  fol lowing an 
i n i t i a l  decrease and subsequent s t a b i l i z a t i o n  of t h e  pu l se  rate i n  t h e  crew 
members, which was usua l ly  observed on s h o r t e r  f l i g h t s ,  a tendency was observed 
toward an inc rease  i n  t h i s  parameter dur ing  t h e  last week of t h e  s t a y  i n  
weight lessness  [25, 541. 
i n i t i a l  hypotensive phase, followed by a s t a g e  i n  which t h e  p re s su re  r e tu rned  
t o  t h e  o r i g i n a l  l e v e l  and s t a b i l i z e d  [5, 25,  59, 143, 1711. 
a l s o  observed toward an inc rease  in t h e  v a r i a b i l i t y  o f  t h e  parameters of t h e  
ar ter ia l  p re s su re  and a f l i g h t  drop i n  t h e  pu l se  p re s su re  [23,  1471. 

The r eac t ions  of  t h e  a r t e r i a l  p re s su re  showed an 

A tendency w a s  

t During a prolonged stay i n  a h o r i z o n t a l  p o s i t i o n ,  t h e  electrocardiogram 
showed p o s i t i o n  changes, a r e l a t i v e  slowing o f  t h e  i n t r s a u r i c u l a r ,  a t r i -  

I P  
v e n t r i c u l a r  and i n t r a v e n t r i c u l a r  conduc t iv i ty ,  as wel l  as t he  Tv > T J I 
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syndrome [27, 49, SO]. The changes i n  phase s t r u c t u r e  of t h e  c a r d i a c  cyc le  - /59 
during labora tory  s imula t ion  of weight lessness  usua l ly  combine i n  t h e  symptom 
complex which has been c a l l e d  the phase syndrome of c a r d i a c  hypodynamia [49, 
56, 861. The symptom complex includes the  fol lowing;  lengthening of  t h e  phase 
of  i some t r i c  con t r ac t ion ,  shortening of  t h e  expulsion per iod ,  t h e  decrease i n  
t h e  r a t e  of r i s e  of i n t r a v e n t r i c u l a r  p re s su re ,  i n t r a s y s t o l i c  index and an 
inc rease  i n  the  myocardial s t r e s s  index,  
encountered i n  var ious forms of myocardial ischemia and r e f l e c t s  a d is turbance  
o f  i t s  c o n t r a c t i l i t y .  Although seve ra l  weeks a r e  requi red  f o r  development of  
t h e  above mentioned symptoms of t h e i r  d e t r a i n i n g  e f f e c t  o f  hypodynamia on t h e  
card iovascular  system, some o f  them have a l ready  become evident  t o  varying 
degrees during t h e  per iods  of  time spent  i n  weight lessness  thus far.  

I n  pathology t h i s  syndrome i s  

The e l ec t roca rd iog raph ic  s tud ie s  t h a t  were performed under space f l i g h t  
condi t ions  showed no s i g n i f i c a n t  changes i n  the  peaks and i n t e r v a l s  of t he  
E K G .  
i n  pu l se  r a t e  or r e f l e c t e d  t h e  pos i t i on  changes. A number o f  au thors  have 
mentioned, admit tedly,  t h a t  there  w a s  some lengthening of  t h e  pe r iod  o f  time 
f o r  a u r i c u l a r - v e n t r i c u l a r  conduct ivi ty  and a tendency toward a decrease  i n  t h e  
amplitude of  t h e  T sp ike ,  i nd ica t ing  a dev ia t ion  i n . t h e  func t ion  of  conductiv- 
i t y ,  as well as i n  t h e  i n t e n s i t y  of  t he  metabol ic  processes  i n  c a r d i a c  muscle 
du r ing  weight lessness  [88, 94, 1071. During space f l i g h t s ,  i nd iv idua l  phasal  
changes have a l s o  been observed which could be viewed from t h e  s t andpo in t  of  
a decrease i n  t h e  mechanical a c t i v i t y  of  t h e  c a r d i a c  muscle [ 4 ,  881. These 
inc lude  the  following: a decrease i n  t h e  amplitude and du ra t ion  o f  t h e  
o s c i l l a t o r y  cyc les  of seismocardiogram, an inc rease  i n  t h e  electromechanical  
de lay ,  t h e  mechanoelectr ical  c o e f f i c i e n t  and t h e  mechanosystolic index. The 
i n c r e a s e  i n  t h e  electromechanical  de lay ,  caused i n  one of t h e  cosmonauts 
aboard the  "Gemini-5" was l inked  by t h e  au thors  with a vagotonic  r e a c t i o n  
[173, 2643. 
myocardium were recorded i n  cosmonauts soon after t h e i r  landing [23, 1071. 

The major i ty  of  i nd ices  changed as a r u l e  i n  accordance with t h e  changes 

Symptoms o f  a d e t e r i o r a t i o n  o f  t he  c o n t r a c t i l e  func t ion  of t he  

Hence, e l imina t ion  of t h e  weight load on t h e  bone and muscle apparatus  
i s  a d i s t i n c t i v e  and very important causa t ive  mechanism i n  t h e  development of, 
var ious  d is turbances  a t t r i b u t e d  t o  weight lessness .  Some authors  even tend t o  
g ive  it the  primary r e s p o n s i b i l i t y ,  al though t h i s  leads t o  an i n s u f f i c i e n t  
eva lua t ion  of t h e  role o f  o t h e r  pathogenet ic  mechanisms [53, 2201. Hypo- 
dynamia is widespread i n  cl inical  p r a c t i c e  and even i n  d a i l y  l i f e  t h e r e  is  an 
analogy t o  t h i s  mechanism. Therefore problems of i n v e s t i g a t i n g  the  in f luence  
of hypodynamia on the  organism and combatting i t s  consequences a r e  not  l i m i t e d  
t o  t h e  area of space medicine but have general  c l i n i c a l  s i g n i f i c a n c e  as well. 

4 .  Limi ta t ions  Based on t h e  Influence of Prolonged Weightlessness on t h e  
fiuran OTgmiSR 

Reactions t h a t  are produced by t h e  in f luence  of weight lessness  on t h e  
func t ion  of a f f e r e n t  systems, d i s t r i b u t i o n  of  blood and load on t h e  bone and 
muscle system e s s e n t i a l l y  r e f l e c t  t h e  accommodation of t he  organism t o  new 
condi t ions  i n  t h e  environment which proceeds along pa ths  t h a t  could be 
r e f e r r e d  t o  as "disuse" or "atrophy from i n a c t i v i t y " .  Prolonged weight lessness  
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can lead  t o  t h e  development o f  des t ruc t ive  processes ,  a drop i n  t h e  func t iona l  
c a p a c i t i e s  of t he  organism and i t s  r e s i s t a n c e  t o  var ious  s t r e s s  e f f e c t s .  
t h i s  connection, it i s  advantageous t o  cons ider  c e r t a i n  o f  t he  f i n a l  r e a c t i o n s  
t h a t  can l i m i t  o r  reduce t h e  e f f e c t i v e  r o l e  of  man i n  t h e  f u r t h e r  conquest o f  
space.  

In  I 
/61 

Asthenizat ion is among t h e  most general  symptoms o f  an unfavorable i n -  
f luence o f  weight lessness  on t h e  organism. I t s  ind iv idua l  symptoms ( d e t e r i o r -  
a t i o n  of working capac i ty ,  r ap id  f a t i g a b i l i t y )  are observed i n  t h e  course of 
t h e  f l i g h t  i t s e l f  [23, 1071. However, t h e  phenomena of  a s then iza t ion  are 
manifested i n  a much c l e a r e r  form upon r e t u r n  t o  Ear th .  A decrease i n  body 
weight,  muscle mass, mineral s a t u r a t i o n  of t h e  bones, as well as a decrease i n  
s t r e n g t h ,  t o l e rance  and phys ica l  working capac i ty  a l l  l i m i t  t h e  to l e rance  of 
s t r e s s f u l  in f luences  t h a t  a r e  c h a r a c t e r i s t i c  of  t h i s  per iod:  g- forces  and the  
e f f e c t  of t he  Ear th ' s  g r a v i t a t i o n  [107], In p a r t i c u l a r ,  fol lowing the  18-day 
f l i g h t ,  t h e  sensa t ion  o f  weight was f e l t  by the  crew members as a f o r c e  of  
2-2.5 G ;  general  weakness developed, d i z z i n e s s ,  i nc reased  f a t i g u e  [25] .  The 
American cosmonauts noted t h a t  a f t e r  t h e  f l i g h t  even t h e i r  c l o t h i n g  seemed 
much heav ie r  t o  them [147]. 

S tudies  involving laboratory s imula t ion  of  weight lessness  which produce 
t h e  symptoms o f  genera l  phys ica l  d e t r a i n i n g  i n  t h e  s u b j e c t s  demonstrate q u i t e  
c l e a r l y  t h e  p o s s i b i l i t y  o f  as theniza t ion  of psychic  func t ions .  
o f  hypodynamia of t h r e e  weeks o r  more t h e r e  w a s  a q u i t e  f requent  development 
of  r e s t l e s s n e s s ,  i r r i t a b i l i t y ,  f ixed  ideas ,  c o n f l i c t  s i t u a t i o n s ,  and i n  some 
cases even psychic  d is turbances  were noted [8, 2491. 
of  those  who have undergone space f l i g h t s  d i d  not  r evea l  any s i g n i f i c a n t  
l i m i t a t i o n s  a s soc ia t ed  with such d is turbances ,  a f u r t h e r  i nc rease  i n  t h e  
length  of  f l i g h t s  may cause changes of  a genera l  psychic  and emotional na tu re ,  
a f f e c t i n g  t h e  moods and working c a p a c i t i e s  of  t h e  cosmonauts. These phenomena 
o f  general  a s then iza t ion  the re fo re  may a c t  as f a c t o r s  capable  of l i m i t i n g  t h e  
s a f e t y  and e f f e c t i v e n e s s  o f  long space f l i g h t s  t o  a c e r t a i n  degree.  

During per iods  

Although the  experience 
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Disturbances of motor funct ions under space f l i g h t  condi t ions  a r e  
apparent ly  not  c r i t i c a l ,  s i n c e  the development o f  h a b i t s  o f  motor coord ina t ion  
i n  weight lessness  take p lace  r e l a t i v e l y  e a s i l y .  
coord ina t ion  of motion t h a t  can develop i n  t h e  r eadap ta t ion  pe r iod  are much 
more unfavorable .  
involv ing  prolonged bed rest as well  as i n  a se r ious  form fol lowing t h e  
18-day space f l i g h t  [25, 42, 101, 1081. 

The problems involv ing  

In a rough form, t h e s e  problems have developed i n  s t u d i e s  

Considerable changes i n  phys ica l  working capac i ty  and to l e rance  can a l s o  
s e r i o u s l y  limit t h e  a b i l i t y  of the cosmonauts t o  move around a f t e r  t h e  end o f  
a f l i g h t .  Since t h e  magnitude of t h e  coord ina t ion  problems is a func t ion  of 
t h e  dura t ion  of t h e  exposure t o  hypodynamia and weight lessness ,  they m u s t  be  
taken i n t o  account as one of  t h e  important l i m i t a t i o n s  on t h e  pa th  t o  f u r t h e r  
i nc reases  i n  f l i g h t  du ra t ion .  

O r t h o s t a t i c  i n s t a b i l i t y ,  which takes  t h e  form of  a pronounced inc rease  i n  
t h e  phys io logica l  s t a t e  o f  t he  changes, development of  d i zz iness ,  weakness, 



nausea,  and p a r t i c u l a r l y  t h e  development of a f a i n t  condi t ion  i n  t h e  v e r t i c a l  
p o s i t i o n ,  c o n s t i t u t e s  a very se r ious  problem which i s  c h a r a c t e r i s t i c  o f  t h e  
p o s t f l i g h t  per iod .  While the  symptoms o f  o r t h o s t a t i c  i n s t a b i l i t y  t h a t  are 
observed fol lowing b r i e f  f l i g h t s  were s h o r t  and eas i ly  overcome, a f t e r  t h e  

by cons iderable  du ra t ion  [SS, 1431. 
18-day f l i g h t  they occurred even i n  a s i t t i n g  p o s i t i o n  and were cha rac t e r i zed  - /63 

I t  i s  t r u e  t h a t  a comparison of  t he  r e s u l t s  of t h e  14-day f l i g h t  o f  
"Gemini-7" with t h e  s h o r t e r  f l i g h t s  does not  support  t h e  ex i s t ence  of  any 
r e l a t i o n s h i p s  between the  s e v e r i t y  o f  t he  o r t h o s t a t i c  d i s turbances  and t h e  
du ra t ion  of  t he  exposure t o  weight lessness  [146] .  
medical examination of t he  "Skylab" crew fo l lowing  t h e i r  28-day f l i g h t  a l s o  
i n d i c a t e s  t h a t  t h e  o r t h o s t a t i c  prciblems i n  two of  t h e  t h r e e  a s t ronau t s  were 
very moderate. Hence, d i s rup t ion  of  s t a b i l i t y  i n  t h e  v e r t i c a l  p o s i t i o n  i s  a 
func t ion  not  only o f  t h e  dura t ion  of  the  a c t i o n  o f  weight lessness  b u t  a l s o  
such f a c t o r s  as l i v i n g  condi t ions  and the  use o f  p r o t e c t i v e  measures i n  f l i g h t .  

Prel iminary d a t a  from t h e  

Changes i n  t h e  immunological r e a c t i o n s  and the  r e s i s t a n c e  t o  i n f e c t i o n  
were not iced  i n  experiments involving s imula t ion  of  weight lessness  and a f t e r  
an 18-day space f l i g h t  [25, 78,  1251. Linked t o  general  a s then iza t ion  and 
metabol ic  changes, t hese  a l t e r a t i o n s  were accompanied by an inc rease  i n  s e n s i -  
t i v i t y  t o  d i seases ,  which could lead t o  t h e  development o f  a c r i t i c a l  s i t u a t i o n  
dur ing  t h e  f l i g h t  [33] .  
t o  another  through t h e  t r a n s f e r  o f  pathogenic  microbes and fungi  [148]. The 
p o s s i b i l i t i e s  of  u s ing  medicinal  therapy under t h e s e  condi t ions  may be l imi t ed  
by t h e  assumed change i n  t h e  r e a c t i v i t y  of t h e  organism with r e spec t  t o  
pharmacological p repa ra t ions  as the r e s u l t  of  t h e  a c t i o n  o f  weight lessness  
[17, 181. On s h o r t  f l i g h t s ,  no s i g n i f i c a n t  changes involv ing  t h e  immuno- 
l o g i c a l  r e a c t i v i t y  were observed [ l ] .  

I l l n e s s  can a l s o  be t r ansmi t t ed  from one crew member 

Neurological problems have been recorded during prolonged (more than 
30 days) hypodynamia [85] .  They took t h e  form o f  development o f  symptoms o f  
in te rhemispher ic  asymmetry and d e x t r o l a t e r a l  pyramidal i n s u f f i c i e n c y ,  and were 
l inked  t o  problems involv ing  t h e  hemocirculat ion i n  t h e  b r a i n  and changes i n  
the  l e v e l  of a f f e r e n t  impulsation 1771. 
could a r i s e  on long f l i g h t s  [82] ,  involv ing  i n  p a r t i c u l a r  a d e t e r i o r a t i o n  of 
motor func t ion  and working capaci ty .  

I t  i s  p o s s i b l e  t h a t  similar problems 

Changes i n  t h e  coagu lab i l i t y  dur ing  prolonged ground s t u d i e s  involv ing  
s imula t ion  of  weight lessness  involve t h e  development o f  t h e  hemophilic re- 
a c t i o n  [44, 1181. During t h e  p o s t f l i g h t  pe r iod ,  some o f  t h e  cosmonauts 
developed a condi t ion  i n  which there  was a decrease  i n  t h e  number o f  thrombo- 
cy te s  i n  the  blood [81, 105, 1061, which i s  a l s o  i n d i c a t i v e  of  a hemophilic 
change. In  add i t ion ,  t h e  coagu lab i l i t y  of t h e  blood i s  a func t ion  of  more 
complicated r e l a t i o n s h i p s  between t h e  coagulatory and an t i coagu la to ry  systems.  
I t  i s  necessary t o  cons ider  t he  p o s s i b i l i t y  of u n i d i r e c t i o n a l  changes i n  both  
components, which took p l a c e  i n  p a r t i c u l a r  i n  t h e  experiments aboard t h e  
tTosmos-llO'l b i o s a t e l l i t e  [3 ] .  The ques t ion  of  how important t h e  problems 
involv ing  the  c o a g u l a b i l i t y  of  the blood i n  a state  of weight lessness  are 
deserves  f u r t h e r  r e sea rch .  
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There i s  a d e f i n i t e  p robab i l i t y  t h a t  c e r t a i n  o the r  changes i n  the  
func t iona l  condi t ion  of the  organism may l i m i t  t he  length  o f  a s a f e  s t a y  under 
prolonged weight lessness  condi t ions .  
cesses  o f  r e s t r u c t u r i n g  of t h e  mechanisms of  nervous and hormonal r egu la t ion  
of  t h e  vege ta t ive  and motor funct ions i n  t h i s  s t a t e .  Others depend upon the  
degree o f  s t r u c t u r a l  changes ( f o r  example, muscle and bone t i s s u e ) ,  t he  de- 
t r a i n i n g  of t h e  card iovascular  system and metabol ic  changes. However, f o r  t he  - / 6 5  
per iods  of  weight lessness  t h a t  have been undergone thus  f a r ,  t he  most c r i t i c a l  
form of  these  changes c o n s i s t s  of t he  problems which a r i s e  i n  the  r eadap ta t iona l  
pe r iod .  Most important of them i s  t h e  decrease  i n  the  to l e rance  t o  g- forces ,  
v e r t i c a l  pos ture ,  d e t e r i o r a t i o n  of phys ica l  working capac i ty  and coord ina t ion  
of  t he  b a s i c  motor a c t i v i t i e s .  Therefore,  one of t he  most important problems 
i n  medical s a f e t y  on long space f l i g h t s  i s  t h e  development and in t roduc t ion  of  
a system of  measures aimed a t  prevent ing these  problems. 

Some of them a r e  determined by t h e  pro-  
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111. METHODS OF PROTECTING THE HUMAN ORGANISM AGAINST THE UNFAVORABLE 
EFFECTS OF WEIGHTLESSNESS 

1. General Approaches t o  The Development o f  Preventa t ive  and Therapeut ic  
Measures 

In eva lua t ing  t h e  phenomena a s soc ia t ed  with the  unfavorable  in f luence  of  
weight lessness  on the  human organism, i t  has been found necessary  t o  c r e a t e  
condi t ions  f o r  t he  cosmonaut i n  which he w i l l  no t  s u f f e r  from the  e f f e c t s  of 
phys io logica l  and psychobiological  adapta t ion  t o  weight lessness .  There are two 
general  concepts with respec t  t o  t h e  problem of  prevent ion ,  which, as we 
poin ted  out  e a r l i e r ,  are cu r ren t ly  i n  a s t a g e  o f  development [162, 2481.  One 
concept c o n s i s t s  i n  prevent ing  the adap ta t ion  of  t h e  organism t o  weight less -  
n e s s .  The o t h e r  c o n s i s t s  i n  p ro tec t ing  the  cosmonaut aga ins t  undes i rab le  
consequences o f  p a r t i a l  adapta t ion .  A t  t he  p re sen t  time, t h e r e  i s  no c l e a r  
consensus as t o  which of t h e s e  approaches i s  more e f f e c t i v e .  
vent ing adapta t ion  t o  weight lessness ,  s t r i c t l y  speaking, can only be ensured 
by developing a cons tan t  and s u f f i c i e n t l y  complete equiva len t  of t e r r e s t r i a l  
g r a v i t a t i o n  aboard spacec ra f t .  The in t roduc t ion  o f  a r t i f i c i a l  g r a v i t a t i o n  
appears t o  be the  most r a d i c a l  method of  prevent ion ,  bu t  a t  t h e  p re sen t  t ime 
w e  s t i l l  have n o t  accumulated a s u f f i c i e n t  volume o f  d a t a  t o  use i n  c a r r y i n g  
out  t h i s  complicated and c o s t l y  s o l u t i o n .  In  p a r t i c u l a r ,  t h e  r o t a t i o n a l  mode 
involves  a number of  t echn ica l  problems t h a t  ar ise  as t h e  r ad ius  o f  t h e  
r o t a t i n g  p la t form inc reases .  In add i t ion  t o  the  weight l i m i t a t i o n s ,  such 
problems as the  complexity o f  the o r b i t a l  des ign ,  t he  g r a v i t a t i o n a l  g rad ien t  
o f  r o t a t i o n ,  r e t e n t i o n  of  a s t a b l e  o r b i t ,  f u e l  problems, as well as con t ro l  
and s u p p l i e s  remain nea r ly  in so lub le .  No e s t ima te  has y e t  been made o f  t h e  
p o s s i b l e  s i d e  e f f e c t s  of  prolonged s t a y s  i n  a cons t an t ly  r o t a t i n g  system which 
would allow t h e  a d v i s a b i l i t y  o f  developing one t o  be eva lua ted .  
a n a l y s i s ,  i t  may t u r n  out  t o  b e  necessary t o  r e s o r t  t o  t h i s  method o f  p re -  
vent ion ,  so  t h a t  i nd iv idua l  t h e o r e t i c a l  and experimental  s t u d i e s  are going 
forward [31, 130, 1521 although both engineers  and s p e c i a l i s t s  i n  biology and 
medicine are t r y i n g  t o  g e t  around i t  [ 2 2 8 ] .  

Pre- 

In  t h e  f i n a l  

P r a c t i c a l l y  speaking, t h e  second concept i s  more r e a l i s t i c  f o r  cu r ren t  
needs of  cosmonautics, s i n c e  i t  allows a p a r t i a l  adapta t ion  of t h e  organism t o  
weight lessness  b u t  a l s o  provides  f o r  measures than  can be  taken t o  prevent  or 
reduce t h e  p r i n c i p a l  unfavorable  consequences of  adap ta t ion .  

In  any case, the  s o l u t i o n  of t h e  problem w i l l  be  s a t i s f a c t o r y  i f  t h e  
prevent ive  measures employed by the crew dur ing  t h e  f l i g h t  and d i r e c t l y  a f t e r  
landing promote p re se rva t ion  o f  t h e i r  h e a l t h  and working capac i ty .  The e x t e n t  
o f  t he  prevent ive  e f f e c t s  o f  t h e  p r o t e c t i v e  substances t h e r e f o r e  w i l l  b e  based 
p r imar i ly  on t h e  maintenance o f  a s u f f i c i e n t  l e v e l  o f  phys i ca l  working capac i ty ,  
motor coord ina t ion  and o r t h o s t a t i c  s t a b i l i t y ,  inasmuch as changes i n  t h e s e  
func t ions  dur ing  the  p o s t f l i g h t  per iod appear on t h e  b a s i s  o f  cu r ren t  d a t a  t o  
be  the  most c r i t i c a l .  I t  is poss ib l e  t h a t  such measures w i l l  be comparable i n  
terms o f  t echn ica l  and opera t iona l  c h a r a c t e r i s t i c s  with f l i g h t  condi t ions  and 
from t h e  medical viewpoint w i l l  not produce discomfort  or harmful s i d e  e f f e c t s .  
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The most promising t r ends  i n ,  t h e  prevent ive  measures a r e a  are governed by 
those  concepts regard ing  the  mechanisms o f  formation of  changes i n  weight less -  
nes s ,  which we a r e  dea l ing  with a t  t h e  p re sen t  t ime.  
system of pathogenesis  f o r  dis turbances caused by the  ex i s t ence  of weight less -  
nes s ,  we have o u t l i n e d  some of t h e i r  p o s s i b l e  t r ends  and methods of prevent ion  
(Figure 8 ) .  

Using a r a t h e r  s i m p l i f i e d  

Evident ly  the  most n a t u r a l  and p r a c t i c a l l y  f e a s i b l e  t h i n g  i s  t o  use pre-  
vent ive  measures aga ins t  such primary causa t ive  e f f e c t s  o f  weight lessness  as 
t h e  e l imina t ion  o f  t h e  hydros t a t i c  p re s su re  o f  t h e  blood and the  l o s s  o f  t h e  
weight load on t h e  bone and muscle appara tus .  
t o  block the  development of these  primary e f f e c t s  s u f f i c i e n t l y  r e l i a b l y ,  t h e  
long cha in  of secondar i ly  produced modi f ica t ions  would be i n t e r r u p t e d ,  i nc lud -  
ing  those  which cause the  maximum t r o u b l e  i n  t h e  r eadap ta t ion  pe r iod .  S e l e c t -  
i ng  a method f o r  o f f s e t t i n g  those changes which occur  i n  the  a c t i v i t y  o f  t h e  
a f f e r e n t  systems dur ing  weight lessness  i s  much more complicated.  Some preven- 
t i v e  measures ( f o r  example, negat ive p re s su re  on t h e  lower h a l f  o f  t h e  body), 
caus ing  a s t r e s s  i n  the  d i r e c t i o n  of  t h e  lengthwise ax i s  of t he  body and pro- 
moting a flow of  blood t o  the  legs  t h e o r e t i c a l l y  can create sensa t ions  t h a t  are 
c h a r a c t e r i s t i c  of a v e r t i c a l  pos ture  [ 3 6 ] .  However, i t  i s  impossible  t o  
e l imina te  g r a v i t a t i o n a l  s t i m u l i  f o r  s p e c i f i c  g r a v i t y  receptors  which does not  
l ead  t o  t h e  development of  a r t i f i c i a l  g r a v i t a t i o n .  

In  t h e  event t h a t  i t  is  p o s s i b l e  

The prevent ive  and the rapeu t i c  measures can be d i r e c t e d  not  only a t  t h e  
primary o r  causa t ive  e f f e c t s  o f  weight lessness  bu t  a l s o  t h e  lower l e v e l s  o f  
t h e  pa thogenet ic  cha in ,  represented accord ingly  i n  Figure 8.  

A more d e t a i l e d  l i s t  of t h e  prevent ive  measures used i n  the  course o f  
ground experiments involving s imula t ion  o f  weight lessness  and p a r t i a l l y  s u i t -  
a b l e  f o r  u se  on r e a l  f l i g h t s  i s  found i n  Table 6.  In  t h i s  l i s t ,  we have used 
t h e  p r i n c i p l e  of  c l a s s i f i c a t i o n  of p reven t ive  measures based on t h e i r  phys i ca l  
n a t u r e .  

Within t h e  system of measures aimed a t  prevent ion  o f  unfavorable  i n f l u -  
ences  on t h e  organism by prolonged weight lessness ,  p a r t i c u l a r  s i g n i f i c a n c e  is  
p laced  on measures aimed a t  p r e f l i g h t  s e l e c t i o n  and t r a i n i n g  of  cosmonauts, as 
well as methods and means of  r e s t o r a t i v e  therapy  which can be  used i n  the  pos t -  
f l i g h t  pe r iod .  However, s i n c e  these  materials have been d e a l t  with i n  g r e a t  
d e t a i l  i n  s p e c i a l  chapters  o f  t h i s  work, i n  t h e  fol lowing we s h a l l  d i scuss  only 
those  means and methods which a re  designed f o r  use on space f l i g h t s  and immedi- 
a t e l y  af terward.  In  o rde r  t o  achieve a sys t ema t i c  arrangement o f  t h e  expe r i -  
mental d a t a  obta ined  i n  t h e  t e s t i n g  o f  t h e  ind iv idua l  prevent ive  measures, i t  
would be advantageous t o  use  t h e i r  pa thogenet ic  e f f e c t s  as a b a s i s .  

2 .  Methods and Means o f  Preventing t h e  Primary Consequences of  a Lack o f  
Hvdros ta t ic  Pressure  o f  Blood i n  Weightlessness 

The most l o g i c a l  way o f  prevent ing t h e  consequences of unusual d i s t r i -  
bu t ion  of  blood a s soc ia t ed  with a lack of  h y d r o s t a t i c  p re s su re  c o n s i s t s  i n  t h e  
u t i l i z a t i o n  of means and methods of  a r t i f i c i a l l y  c r e a t i n g  t h e  e f f e c t s  o f  hydro- 
s t a t i c  p res su re .  For t h i s  purpose, experiments u s ing  water immersion and pro-  
longed bed r e s t  have been used t o  t e s t  many methods and devices .  
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TABLE 6 .  MEANS OF PREVENTING UNFAVORABLE CONSEQUENCES OF PROLONGED 
WEIGHTLESSNESS 

1. With p a r t i a l  adapta t ion  t o  weight lessness:  

Ph y s i c a l  Exercise  

Gymnastics, var ious  forms of  spo r t  
Diving, tumbling and o t h e r  forms 
of t r a i n i n g  i n  weight lessness .  
Exercises  with i somet r i c  and i s o -  
t o n i c  muscle con t r ac t ions .  
Bicycle ergometers,  treadmills 
and expanders.  
Exercises  involv ing  movements 
of  t h e  head i n  weight lessness .  

Pres  su re  

Breathing under p re s su re .  
I n f l a t e d  c u f f s .  
E las t ic  underc lo th ing .  
Negative p re s su re  on t h e  lower 
h a l f  o f  the  body. 
G-su i t s  

Electrical  S t imula t ion  

Accelera t ions  

Onboard c e n t r i f u g e .  
Trampoline (shock-type g- forces)  
Vibra t ing  suppor t .  
Vibra t ing  bed (couch).  
Rotat ion of  t h e  space s t a t i o n .  

Reeulat ion o f  Externa l  Environment 

Hypoxia 
Decrease i n  temperature .  
S tandard iza t ion  of  t h e  d i e t .  

Pharmacological Prepara t ions  

A 1  dos t e lone  
A n t i d i u r e t i c  hormone 
Means o f  i nc reas ing  plasma volume 
9-Alphafluorohydrocortisone 
Res to ra t ive  p repa ra t ions  
Glucose 
P i  t res s i n  
Anabo 1 i c hormones 

2 .  With t o t a l  adapta t ion  t o  weight lessness:  

Prel iminary t r a i n i n g  o f  t h e  organism f o r  condi t ions  o f  reduced weight or 
condi t ion  of  weight lessness .  
with r e spec t  t o  the  a c t i o n  of normal t e r r e s t r i a l  g r a v i t a t i o n .  

Restorat ion o f  t h e  t r a i n i n g  of t h e  organism 

The use of  i n f l a t e d  c u f f s ,  which surround t h e  per imeters  o f  t h e  extrem- 
i t i e s  is  a'imed p r i m a r i l y  at  reducing t h e  r e t u r n  o f  venous blood t o  t h e  h e a r t  
and s imula t ion  o f  condi t ions  c h a r a c t e r i s t i c  of a human being i n  a v e r t i c a l  
p o s i t i o n  on Ear th .  Usually narrow c u f f s  are used, app l i ed  t o  t h e  upper p a r t  
o f  t h e  th igh  [20, 36, 196, 238, 257, 2671. The p res su re  l e v e l s  produced i n  
them usua l ly  do no t  exceed 70-75 mm Hg and t h e  r a t i o  between t h e  length  o f  t h e  
per iods  of compression and t h e  i n t e r v a l s  between them vary i n  d i f f e r e n t  expe r i -  
ments over  a r a t h e r  broad range: from 1:l minute t o  5:lO minutes.  The r e s u l t s  
o f  numerous l abora to ry  t e s t s  of t h i s  p reven ta t ive  measure on t h e  whole do n o t  
i n d i c a t e  a r e l i a b l e  and c l e a r l y  reproducible  p r o t e c t i v e  e f f e c t ,  a l though i n  
some ins t ances  t h i s  e f f e c t  was i n  fact observed. The use of c u f f s  dur ing  space 
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f l i g h t s  a l s o  f a i l e d  t o  y i e l d  p o s i t i v e  r e s u l t s  [171].  
when us ing  th igh  c u f f s  i n  an experiment involv ing  70 days hypodynamia inc reased  
the  t e n s i l i t y  of  t h e  v e s s e l s  i n  the l egs  i n  comparison with observa t ions  con- 
ducted under analogous s i t u a t i o n s  but  without  t he  use o f  t he  cu f f s  [20, 961. 
'I'he reserve  capac i ty  of  t he  venous depos i t  increased  and with t h e  body i n  a 
v e r t i c a l  pos i t i on  a r e l a t i v e l y  la rge  amount o f  blood accumulated i n  t h e  l e g s .  
As a r e s u l t ,  o r t h o s t a t i c  problems were no t  e l imina ted .  Hence, phys io log ica l ly  
unpleasant  s i d e  e f f e c t s  of  t h e  occlusion method predominated over  t hose  effects 
f o r  which it  was intended.  

Impeding venous e f f l u x  

Breathing under excess pressure (on t h e  o rde r  o f  200-300 mm water column) /72 
promotes expuls ion of t h e  blood from the  lesser c i r c u l a t i o n  i n t o  t h e  g r e a t e r ,  
r e s t r i c t i o n  of t h e  r e t u r n  of venous blood t o  the  h e a r t ,  as wel l  as prevent ion  
of  a t e l e c t a s e s  of t h e  lungs caused by s t agna t ion  phenomena i n  t h e  v e s s e l s  o f  
t h e  l e s s e r  c i r c u l a t i o n  [ 3 6 ,  2 1 2 ,  2231. In  those  cases  when r e s p i r a t i o n  under 
excess  pressure  was combined w i t h  compensatory counterpressure  on t h e  head 
and upper p a r t  o f  t h e  body, t he  blood was r e d i s t r i b u t e d  t o  t h e  lower p a r t  o f  
t h e  body. This s u f f i c i e n t l y  adequately i m i t a t e s  t h e  presence of  h y d r o s t a t i c  
p re s su re  w i t h  t he  r e s u l t i n g  consequences. 
descr ibed  whose use while  brea th ing  under excess  p re s su re  produces a g rad ien t  
involv ing  an inc rease  i n  hydros t a t i c  p re s su re  of the  blood i n  t h e  lower h a l f  
o f  t h e  body, so  t h a t  t h e  l e v e l  of compensation i n  such a s u i t  g radual ly  de- 
c reases  toward the  l egs  [154].  Excess p re s su re  i n  t h e  lungs during a 6-hour 
water immersion i n h i b i t e d  d i u r e s i s ,  s a l t  exc re t ion ,  and prevented o r t h o s t a t i c  
d i f f i c u l t i e s  [ 2 1 2 ] .  Another important parameter  i n  the  c h a r a c t e r i s t i c s  of  t h e  
method descr ibed  i s  t h e  l e v e l  o f  t he  v a r i a t i o n s  i n  i n t r a p l e u r a l  p re s su re  dur ing  
r e s p i r a t i o n .  I t  has been shown t h a t  v e n t i l a t i o n  of  t h e  lungs under " o s c i l l a t -  
ing" p re s su re  inc reases  d i u r e s i s  [179]. 
18-hour immersion i n  water t o  the  l e v e l  o f  t h e  neck [36] .  For 2.5 hours ,  t h e  
s u b j e c t s  brea thed  i n  from t h e  atmosphere and brea thed  out  i n t o  t h e  water  ( t h e  
r e s i s t a n c e  t o  e x p i r a t i o n  was 200 mm water  column). The amount o f  u r i n e  ex- 
c r e t e d  and negat ive  water balance increased  while  t h e  o r t h o s t a t i c  problems 
were not  prevented.  In tes ts  involving t o t a l  immersion i n  t h e  immersion medium /73 
t h e  r e s p i r a t i o n  under p re s su re  equivalent  t o  t h e  e x t e r n a l  p re s su re  on t h e  ches t  
reduced t h e  s e v e r i t y  o f  t h e  changes i n  t h e  water  s a l t  ba lance  and promoted 
o r t h o s t a t i c  s t a b i l i t y  [209] .  

In p a r t i c u l a r ,  a g - s u i t  has been 

S i m i l a r  d a t a  were obta ined  i n  an 

- 

On the  b a s i s  o f  t h e  above we can conclude t h a t  the  p r i n c i p l e  o f  b rea th ing  
under excess  p re s su re  o f  i t s e l f  i s  well founded from t h e  pa thogenet ic  s t and-  
p o i n t  and i s  promising. With appropr ia te  s t r u c t u r a l  des igns ,  i t  could b e  used 
more widely i n  experimental  p r a c t i c e  and p o s s i b l y  on space f l i g h t s  as well .  

The method of  producing a negat ive p re s su re  on t h e  lower h a l f  o f  t h e  body 
(NPLB) i s  similar t o  t h a t  descr ibed above and d i f f e r s  from i t  p r imar i ly  i n  t h e  
n a t u r e  of  t he  apparatus  used [36, 99, 2 2 1 ,  230, 256, 2581. The use o f  a 
device  t h a t  promotes a s l i g h t  r a r e f a c t i o n  of  t h e  a i r  around t h e  lower h a l f  o f  
t h e  body thereby makes i t  poss ib l e  t o  r e d i s t r i b u t e  the  blood as i f  t h e r e  was 
excess  pressure  on t h e  upper h a l f  o f  t h e  body and t h e  lungs and t h e  lower h a l f  
was a t  normal p re s su re .  However, both t h e s e  methods f a l l  s h o r t  o f  s imula t ing  
completely the  c h a r a c t e r i s t i c s  of blood r e d i s t r i b u t i o n  which i s  c h a r a c t e r i s t i c  
o f  t he  v e r t i c a l  p o s i t i o n  i n  which the  f i l l i n g  of  var ious  p a r t s  o f  t h e  body with 
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blood i s  a func t ion  of t h e  smooth inc rease  i n  h y d r o s t a t i c  p r e s s u r e .  However, 
when t he  pressure  change occurs on only one l e v e l  ( f o r  example, around t h e  
waist) r e d i s t r i b u t i o n  of t he  blood acqui res  a s tepwise  n a t u r e .  Nevertheless  , 
experimental  s t u d i e s  have shown t h a t  even t h i s  incomplete s imula t ion  o f  t h e  
h y d r o s t a t i c  f a c t o r  promotes s tagnat ion  of f l u i d  i n  t h e  organism, normalizat ion 
of  the  volume of c i r c u l a t i n g  plasma and o r t h o s t a t i c  s t a b i l i t y  under condi t ions  
of  labora tory  s imula t ion  of weight lessness .  The l e v e l s  o f  t h e  r a r e f a c t i o n  
a c t i n g  on t h e  lower h a l f  of t h e  body usua l ly  amount t o  25-50 mm Hg i n  var ious  
experiments (below atmospheric pressure)  whi le  t h e  du ra t ion  o f  t he  ac t ion  i s  
from 1 - 2  t o  10-12 hours p e r  day. 
employed, as wel l  as d a i l y  systems f o r  t r a i n i n g  o r  t r a i n i n g  cyc les  dur ing  t h e  
l a s t  days o f  t h e  experimental  per iod.  In o t h e r  words, t h e  search  f o r  optimum 
systems of in f luence  i s  s t i l l  going on. 
c o l l e c t e d  which i n d i c a t e  t h a t  an increase  i n  ADH s e c r e t i o n  and s t imu la t ion  of  
t h e  sympathet ic  nervous system are  due s o l e l y  t o  a r a r e f a c t i o n  of  40  mm Hg o r  
more [247].  I t  was r e c e n t l y  shown t h a t  a 15 minute d a i l y  exposure t o  NPLB a t  
a l e v e l  of  70 mm Hg not  only prevents  a drop i n  t h e  o r t h o s t a t i c  s t a b i l i t y  i n  
s u b j e c t s  who were de t r a ined  by the condi t ions  o f  a 5-day water immersion and 
a s t a y  i n  bed rest ,  bu t  a l s o  s i g n i f i c a n t l y  inc reased  the  l e v e l  of  t h i s  
r e s i s t a n c e  with r e spec t  t o  the  o r i g i n a l  con t ro l  l e v e l  [168] .  However, lower 
values  o f  nega t ive  p re s su re  obviously can have a p o s i t i v e  phys io logica l  e f f e c t .  
Thus, t he  inf luence  of  NPLB a t  the 30 mm Hg l e v e l  produced t h e  same changes i n  
t h e  a c t i v i t y  of  r en in  i n  t h e  venous blood as d i d  t h e  o r t h o s t a t i c  t e s t  which 
was performed a t  an angle  o f  70' [177].  In  experiments involv ing  the  use o f  
water immersion, when t h e  compensatory counterpressure  o f  t h e  water  on t h e  
lower h a l f  o f  t h e  body was decreased by a t o t a l  o f  24-25 mm Hg, the re  was an 
e f f e c t i v e  r e t e n t i o n  of  f l u i d  i n  the organism, an inc rease  i n  body weight and 
o r t h o s t a t i c  s t a b i l i t y  i n  seven out of  t he  e i g h t  s u b j e c t s  t o  degrees  t h a t  were 
h ighe r  than p r i o r  t o  t h e  start  of  t h e  s tudy  [99]. 
t h e r e  was an inc rease  i n  t h e  func t iona l  r e s i d u a l  capac i ty ,  as wel l  as t h e  v i t a l  
and t o t a l  c a p a c i t i e s  of  t h e  lungs [174]. By s imula t ing  the  n a t u r a l  o r t h o s t a t i c  
mechanisms p e r i o d i c  NPLB se s s ions  can promote t h e  prevent ion  o f  o r t h o s t a t i c  
i n s t a b i l i t y  i n  space without  using more complicated devices .  
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Both cons tan t  and varying p res su re  va lues  are 

In p a r t i c u l a r ,  d a t a  have been 

During t h e  NPLB s e s s i o n s  

Promising r e s u l t s  with respec t  t o  t h e  prevent ion  o f  unfavorable  r e a c t i o n s  
were obta ined  by exposing t h e  sub jec t s  t o  a c c e l e r a t i o n s  on cen t r i fuges  with a 
s h o r t  (about 2 meters)  arm, where the  g- forces  a t  t h e  l e v e l  o f  t h e  head were 
c l o s e  t o  zero and a t  t h e  l e v e l  of t h e  l egs  reached 2-3 u n i t s .  The e f f e c t  o f  
l ong i tud ina l  fo rces  (+ Gz) , developed on such c e n t r i f u g e s ,  s imula te  t h e  hydro- 

s t a t i c  p re s su re  and simultaneously a f f e c t  t h e  bone and muscle system and t h e  
g r a v i t y  recept ion  [240, 242, 243, 2461. The use o f  t h e s e  in f luences  i n  
experiments involv ing  s imula t ion  of  weight lessness  has l e d  t o  an inc rease  i n  
ADH, r en in  and catecholamine s e c r e t i o n ,  a decrease  i n  d i u r e s i s  and exc re t ion  
o f  sa l ts  and a r e s t o r a t i o n  of  t he  volume o f  c i r c u l a t i n g  blood t o  normal [242, 
243, 2461. The changes i n  t he  EKG which were observed under t h e  inf luence  of  
l ong i tud ina l  g- forces  are l inked  t o  an i nc rease  i n  t h e  sympathet ic  tone  [164].  

I t  has been no t i ced  t h a t  at s h o r t e r  arm lengths  on cen t r i fuges  t h e  working 
capac i ty  and t o l e r a n c e  t o  acce le ra t ion  a r e  less than  on cen t r i fuges  w i t h  
r e l a t i v e l y  long arms [235, 2401, which has t o  do with  t h e  cons iderable  

47 

/ 75 - 



magnitude of  the  g rad ien t  of t h e  g- forces  a c t i n g  on the  body. 
p l e t i o n  of such r o t a t i o n s ,  c e r t a i n  problems a f f e c t i n g  motor coord ina t ion  
developed. In  a d d i t i o n ,  i t  was observed t h a t  a t o t a l  of  only four  r o t a t i o n s  
a t  a g- force  of  + 4 GZ ( a t  t h e  l eve l  of t h e  legs)  o f  7 . 5  minutes each 

not iceably  prevented o r t h o s t a t i c  i n s t a b i l i t y  i f  we can judge the  l a t t e r  on t h e  
b a s i s  o f  t he  development of co l lapse  [162, 2481. However, r e a c t i o n s  involv ing  
the  pulse  and blood pressure  t o  the s t a t i c  o r t h o t e s t  were not  improved very 
much. The use of r o t a t i o n s  on the c e n t r i f u g e  a l s o  provides  l i t t l e  i d e a  about 
t h e  decrease i n  t h e  volume of plasma dur ing  prolonged bed r e s t .  Hence, a 
comprehensive eva lua t ion  of t h e  advantages and l i m i t a t i o n s  of t h i s  p reven ta t ive  
ac t ion  remains t o  be conducted. I f  t he  need f o r  such devices  and t h e  e f fec t -  
iveness  i s  t o  be s u f f i c i e n t l y  well e s t a b l i s h e d ,  from t h e  s t andpo in t  of  weight,  
energy consumption, s ize  and s i d e  e f f e c t s  they can be used f o r  f u t u r e  space-  
c r a f t  [ 1581. 

After com- 

The use of  shock s t r e s s e s  which a c t  i n  t h e  d i r e c t i o n  o f  t h e  lengthwise 
a x i s  o f  the  body and cause r e d i s t r i b u t i o n  of t he  blood a long  t h e  major v e s s e l s  
can be included t o  a c e r t a i n  ex ten t  among t h e  group of  methods d iscussed  
he re  [ 4 7 ,  163, 2731. 

Prevent ive ac t ions  aimed a t  c e r t a i n  in te rmedia te  branches o f  t he  patho-  
g e n e t i c  chain can be c a r r i e d  ou t  us ing  pharmacological and hormonal prepar -  
a t i o n s  [13, 17, 18, 92, 96, 180, 230, 2571. Substances o f  t h i s  kind have been 
found e f f e c t i v e  under condi t ions  o f  model experiments and have prevented 
phenomena o f  d e t r a i n i n g  and o r t h o s t a t i c  i n s t a b i l i t y ,  which ar ise  fol lowing a 
c e r t a i n  per iod  of  remaining i n  a ho r i zon ta l  p o s i t i o n  [157, 2101. 
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The r e s t o r a t i o n  o f  a low volume of  c i r c u l a t i n g  blood due t o  r e t e n t i o n  of 
t h e  f l u i d  and sal ts  i n  the  organism may be achieved by a means of  a number o f  
hormonal prepara t ions :  vasopressin,  p i t r e s s i n ,  and 9-alphafluorohydrocortisone 
[157, 170, 211 ,  2751. Healthy sub jec t s  who rece ived  9-alphafluorohydrocorti- 
sone f o r  two 10-day per iods  o f  bed r e s t  and two 10-day pe r iods  of  normal 
(ambulatory) a c t i v i t y  had l a r g e r  volumes o f  plasma, a more favorable  r e a c t i o n  
wi th  r e spec t  t o  t h e  pu l se  ra te  i n  t h e  o r t h o s t a t i c  t e s t  and phys ica l  e x e r c i s e s ,  
and the  r e s t o r a t i o n  of  t h e  pu l se  ra te  i n  them was t h e  same as determined be fo re  
t h e  s ta r t  of  t h e  t e s t  [157].  I t  i s  t r u e  t h a t  not  a l l  t h e  p repa ra t ions  were 
equa l ly  e f f e c t i v e .  The use o f  p i t r e s s i n  dur ing  bed rest and water  immersion 
suppressed d i u r e s i s  and s t a b i l i z e d  t h e  plasma volume but  it d i d  not  prevent  
o r t h o s t a t i c  i n s t a b i l i t y  [ 2111 .  
t a t i o n a l  e f f e c t s  fol lowing t e s t s  us ing  water immersion and prolonged hypo- 
dynamia was obta ined  with the  a i d  o f  a number of  p repa ra t ions  t h a t  e x e r t  a 
s t i m u l a t i n g  e f f e c t  on t h e  c e n t r a l  nervous system, h e a r t  and t r a n s v e r s e l y  
s t r i a t e d  musculature (phenamine, ca f f e ine ,  s ecu r in in )  [18, 961 . Evident ly  t h e  
use o f  such p repa ra t ions  on t h e  most important po r t ions  o f  t h e  f l i g h t ,  
p a r t i c u l a r l y  be fo re  landing,  i s  completely j u s t i f i e d ,  r ega rd le s s  of  t h e  f a c t  
t h a t  t h e  r e a c t i v i t y  t o  them under these  condi t ions  may vary [104].  

A ;elative inc rease  i n  t h e  to l e rance  t o  grav i -  

In  conjunct ion with condi t ions o f  p o s t f l i g h t  per iod ,  f o r  prevent ion  o f  
o r t h o s t a t i c  d i s turbances  i n  cosmonauts , i t  was recommended t h a t  g - s u i t s  be 
worn l i k e  those usua l ly  worn by p i l o t s  [36, 237, 2381. This prevent ive  method /78 - 
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promotes a s i g n i f i c a n t  decrease (and i n  some cases ,  even normal iza t ion)  o f  t h e  
o r t h o s t a t i c  r eac t ions  fol lowing t h e  te rmina t ion  o f  experiments involving simu- 
l a t i o n  of weight lessness .  I t s  p ro t ec t ive  e f fec t  c o n s i s t s  i n  t h e  f a c t  t h a t  t h e  
volume of blood depos i ted  i n  t h e  lower e x t r e m i t i e s  i n  t h e  v e r t i c a l  p o s i t i o n  i s  
reduced. 
vent ion of o r t h o s t a t i c  i n s t a b i l i t y  i s  accomplished on a complex b a s i s  and i n -  
c ludes ,  t oge the r  w i t h  o t h e r  in f luences ,  t h e  use of  nega t ive  p re s su re  on t h e  
lower h a l f  of t he  body during the  experimental  s imula t ion  of  weight lessness  
[ 3 6 ] .  
35-50 mm Hg were produced i n  t h e  compartments o f  t h e  g - s u i t .  Prolonged (up t o  
10-11 hours) continuous wearing of  t h e  g - s u i t s  with t h e  compartments i n f l a t e d  
was t o l e r a t e d  completely s a t i s f a c t o r i l y  and d i d  n o t  l ead  t o  t h e  development o f  
l o c a l  o r  general  unfavorable  r eac t ions .  
( l e o t a r d )  t h a t  exe r t ed  p res su re  on t h e  lower h a l f  o f  t h e  body a l s o  had a 
favorable  inf luence  on r e s i s t a n c e  i n  t h e  v e r t i c a l  p o s i t i o n  i n  both hea l thy  
ind iv idua l s  and those  who had been de t r a ined  fo l lowing  prolonged bed r e s t  [270] .  

The e f f e c t  i s  p a r t i c u l a r l y  pronounced i n  those  cases  when the  p re -  

Good r e s u l t s  were obtained i n  cases  when p res su res  on t h e  o rde r  o f  

The use  o f  an e l a s t i c  undergarment 

Another t h e o r e t i c a l l y  poss ib l e  way o f  r e l i e v i n g  o r t h o s t a t i c  stress i n  t h e  
p o s t f l i g h t  per iod  might c o n s i s t  i n  e s t a b l i s h i n g  a backup system with gradual ,  
measured inc rease  i n  time spent  i n  t h e  v e r t i c a l  p o s i t i o n .  
p o s i t i v e  e f f e c t s  have been descr ibed t h a t  were obta ined  by o r t h o s t a t i c  t r a i n i n g  
t h a t  cons i s t ed  i n  a l t e r n a t i n g  30 second pass ive  changes i n  t h e  p o s i t i o n  o f  t h e  
body from 45' (head down) t o  90' (head up) [236] .  

In p a r t i c u l a r ,  
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Hence, t he  r e s u l t s  of  laboratory s t u d i e s  i n d i c a t e  t h a t  p revent ion  of  t he  
p r i n c i p a l  consequences o f  a l a c k  o f  h y d r o s t a t i c  p re s su re  under condi t ions  of 
weight lessness  and p a r t i c u l a r l y  o r t h o s t a t i c  i n s t a b i l i t y  i s  q u i t e  p o s s i b l e .  
Feas ib l e  methods of  so lv ing  t h i s  problem c o n s i s t  i n  u s ing  t h e  ac t ion  of nega- 
t i v e  p re s su re  on t h e  lower h a l f  of t h e  body a t  t h e  end of  t he  f l i g h t ,  t he  use 
of pharmacological s t imu lan t s  one hour  p r i o r  t o  descent  from o r b i t ,  use o f  a 
"g-sui t"  immediately a f t e r  landing, as well as the  use of c o r r e c t  procedures 
i n  t h e  readapta t ion  per iod .  

3 .  Methods and Means o f  Preventing t h e  Most Important Consequences o f  
Hypodynamia 

Making up f o r  t he  d e f i c i t  of weight stress on t h e  bone and muscle appara- 
t u s  under condi t ions  o f  weight lessness  by means o f  o t h e r  stress producing 
methods i s  one of t h e  very important t r ends  i n  t h e  development o f  prevent ive  
measures. 
oxygen, food and e l e c t r i c a l  energy s u p p l i e s  aboard the  s p a c e c r a f t ,  which i s  no t  
t o t a l l y  optimal from t h e  pu re ly  technological  s t andpo in t  [260] ,  medical argu- 
ments i n  f avor  of  t h e  in t roduc t ion  of t h i s  approach t o  t rea tment  a r e  q u i t e  
convincing.  

Although t h e  use o f  such procedures involve  t h e  need f o r  a d d i t i o n a l  

The r i c h  volume of experience t h a t  has been accumulated i n  such a reas  o f  
knowledge as t h e  physiology o f  spo r t s ,  s p o r t s  medicine, phys i ca l  exe rc i se  t o  

t h e  d ive r se  favorable  effects o f  phys ica l  e x e r c i s e  p a r t i c u l a r l y  i f  devised on 
an appropr i a t e  methodological bas i s  and organized i n t o  a planned t r a i n i n g  
process .  

improve condi t ion  and f o r  t he rapeu t i c  purposes ,  c o n s t i t u t e  e loquent  proof of  - / 80 
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In  a s i t u a t i o n  when t h e  in su f f i c i ency  of muscle s t r e s s  i s  a reason f o r  t h e  
development of  unfavorable changes i n  t h e  condi t ion  o f  t h e  organism, t h e  use  o f  
means and methods o f  phys ica l  t r a i n i n g  i s  no t  only j u s t i f i e d  b u t  necessary .  
The use of  a measured volume o f  phys ica l  exe rc i se  i n  s t u d i e s  with c o n t r o l l e d  
l i m i t a t i o n  of  motor a c t i v i t y ,  i t s  s p a t i a l  and force  components has promoted 
normalizat ion of  a number o f  phenomena a s soc ia t ed  with t h e  hypodynamic syn- 
drome. Changes involv ing  gas exchange [62, 791, n i t rogen  metabolism [ 1131 , 
t he  ca rd iovascu la r  system [74, 95, 1041 , neuro-psychic func t ions  [8 ,  76, 85, 
2491 and immuno-biological r e a c t i v i t y  [125] have been l e s s  prominent i n  t h i s  
ca se .  The p o s i t i v e  ac t ion  of physical  t r a i n i n g  has a l s o  been observed i n  con- 
nec t ion  with t h e  state of the bone and muscle appara tus ,  phys ica l  working 
capac i ty  and motor coordinat ion [53, 63, 120, 1961 as wel l  as the  to l e rance  of  
stress [73, 1201. Rela t ive ly  few effects have been achieved by means o f  
phys i ca l  t r a i n i n g  f o r  the  purpose of prevent ing  changes i n  water  s a l t  balance 
and o r t h o s t a t i c  problems [ 1 2 ,  53, 163, 196, 238, 2681, a l though i n  some s t u d i e s  
c e r t a i n  p o s i t i v e  r e s u l t s  have been obta ined  i n  t h i s  r e spec t  [98, 1201. Per- 
sons performing phys ica l  exe rc i se  dur ing  s t r i c t  bed rest  f o r  f i v e  weeks re- 
t a i n e d  t h e i r  working capac i ty  and showed no decrease i n  t h e  r en in  conten t  i n  
t h e  plasma as a response t o  s tagnat ion  o f  venous blood i n  t h e  lower e x t r e m i t i e s ,  
al though cases  of  development of  f a i n t i n g  s ta tes  during o r t h o s t a t i c  tes ts  have 
occurred f r equen t ly  [ 2 2 2 ] .  I t  has been found t h a t  when phys ica l  e x e r c i s e s  are 
performed dur ing  bed r e s t  t h e r e  is a decrease  i n  t h e  volume of u r i n e ,  sodium 
c h l o r i n e  and c r e a t i n i n e  excre t ion  [178]. However, i t  may be assumed t h a t  t h e  
r e t e n t i o n  of  f l u i d s  and s a l t s  may decrease  i n  t h i s  case as a r e s u l t  o f  sweat- 
ing .  

~ 
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Na tu ra l ly ,  i n  eva lua t ing  the r e s u l t s  ob ta ined  with t h e  a i d  o f  phys ica l  
t r a i n i n g ,  one must take i n t o  account t h e  degree o f  op t ima l i ty  with which t h e  
choice  of  t h e  volume o f  s t r e s s e s ,  t r a i n i n g  programs, na tu re  and s t r u c t u r e  of  
e x e r c i s e s ,  and t r a i n i n g  methods employed was s e l e c t e d .  C e r t a i n  advantages are 
a s s o c i a t e d  with those  forms o f  t r a i n i n g  which inc lude  i n e r t i a l - s h o c k  e f f e c t s  
a long  t h e  lengthwise ax i s  of  t h e  body (s imula t ion  of jumps i n  t h e  h o r i z o n t a l  
p o s i t i o n  with use of  shock absorbers and a s o l i d  support  f o r  t h e  l egs  f o r  a 
r e c i p r o c a t i n g  movement of  the  bed between two "trampolines") [47, 163, 2731. 
I t  i s  f e l t  t h a t  t h e  s t imu la t ion  of t h e  v e s s e l s  i n  the  course o f  performing 
t h e s e  exercises, as well as t h e  effects of  v i b r a t i o n  dur ing  bed rest can main- 
t a i n  t h e  a b i l i t y  of t h e  blood vesse ls  t o  compensate f o r  t h e  decrease i n  hydro- 
s t a t i c  forces  with reduced g r a v i t a t i o n  i n  a s a t i s f a c t o r y  f a sh ion .  Considerable 
importance a t t a c h e s  t o  exe rc i se s  f o r  t h e  lower e x t r e m i t i e s  as we l l ,  s i n c e  these  
e x e r c i s e s  can decrease the  tendency toward s t agna t ion  o f  venous blood i n  t h e  
v e r t i c a l  p o s i t i o n  due t o  maintenance of tone,  s t r e n g t h  and mass o f  muscles, and 
poss ib ly  t h e  a b i l i t y  of  t h e  vasocons t r i c t ive  mechanisms t o  r e a c t  t o  t h e  i n t r a -  
v a s c u l a r  h y d r o s t a t i c  forces  caused by g r a v i t a t i o n .  
months bed rest  and var ious  types o f  e x e r c i s e s ,  t h e  i n v e s t i g a t o r s  gave p r e f e r -  
ence t o  i s o t o n i c  weight l i f t i n g  exe rc i se s  over  i somet r i c  ones [159].  
less, i somet r i c  exe rc i se s  a l s o  were capable  o f  reducing t h e  muscular a t rophy 
[249] .  Thei r  use  made it poss ib le  t o  reduce t h e  sensory and motor-muscular 
s t i m u l a t i o n  of  t h e  CNS and achieved normal iza t ion  o f  t he  psychological  func- 
t i o n s .  
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Recommendations as t o  t h e  necessary volume of phys ica l  stress va r i ed  
r a t h e r  widely,  a l l  t he  way up t o  d i f f i c u l t  t o  reach values  o f  1,000-1,300 
kcal /day,  while s i g n i f i c a n t l y  smal le r  stresses r e s u l t e d  i n  completely sat is-  
f ac to ry  r e s u l t s  [47, 1201. Most f r equen t ly ,  sp r ings  o r  rubber  expanders,  
b i c y c l e  ergometers,  " t readmi l l "  type t r a i n e r s  and s t r e s s  s u i t s  t h a t  c r e a t e  an 
a x i a l  s t a t i c  s t r e s s  on the  body by v i r t u e  of  rubber  s t r a p s  are most f r equen t ly  
used f o r  s tudying t h e  methods of phys ica l  t r a i n i n g .  A d e s c r i p t i o n  of t h e s e  
methods w i l l  be found i n  t h e  primary sources  c i t e d  above and i n  a number o f  
o t h e r  papers 136, 48, 1391. I t  is  q u i t e  c l e a r  t h a t  r e l a t i v e l y  b e t t e r  r e s u l t s  
can be achieved by us ing  such methods and means of phys i ca l  t r a i n i n g  which 
ensure  p r imar i ly  loading o f  t h e  " a n t i g r a v i t a t i o n a l "  musculature ,  b u t  can 
harmoniously inf luence  o t h e r  muscle groups as well .  I t  i s  very d e s i r a b l e  t o  
have t h i s  a b i l i t y  t o  maintain such important motor h a b i t s  i n  a s ta te  o f  
weight lessness  o r  under condi t ions  which s imula t e  it as walking and running. 
In  a number of  ground tes ts ,  a t r a i n i n g  device t h a t  cons i s t ed  of  a v e r t i c a l l y  
mounted t r eadmi l l  t o  which the  sub jec t  ( i n  a h o r i z o n t a l  p o s i t i o n )  was a t t ached  
by means o f  rubber s t r a p s  was t e s t e d  and found t o  s a t i s f y  t h e  above r e q u i r e -  
ments. The t r a i n e r  imposes a constant  s t a t i c  stress i n  the  d i r e c t i o n  o f  t h e  
lengthwise ax i s  o f  t he  body and makes it p o s s i b l e  t o  c a r r y  out  such e x e r c i s e s  
as walking, running, jumping, doing s i t  ups and l i f t i n g  I1weights" under con- 
d i t i o n s  s imula t ing  weight lessness .  As a r e s u l t  of t h e s e  s t u d i e s  it was found 
t h a t  t he  use of t h i s  type of t r a i n e r  promoted s i g n i f i c a n t  normalizat ion o f  
motor and vege ta t ive  func t ions  and f a c i l i t a t e d  t h e  course of  t h e  recovery 
pe r iod  i n  s u b j e c t s  fol lowing 70 days bed rest  [33, 36, 471. In  add i t ion ,  t o t a l  
normal iza t ion  of symptoms o f  t h e  hypodynamic syndrome could not  be achieved i n  
t h i s  s tudy which are observed when o t h e r  methods o f  phys ica l  t r a i n i n g  are used 
[ l o ,  53, 76, 78, 1961. Moreover, s e v e r a l  au thors  found no p o s i t i v e  effects  
whatsoever f o r  phys i ca l  t r a i n i n g  involv ing  s imula ted  weight lessness  [ 1 2 ,  86, 
103, 163, 238, 2681. This i s  probably an extreme po in t  o f  view and is ex- 
p l a ined  by t h e  na tu re  o f  t h e  method o f  t r a i n i n g  used o r  t h e  s tudy  of  parameters  
t h a t  a r e  l inked  pa thogene t i ca l ly  with t h e  n a t u r e  of  t h e  motor a c t i v i t y  t o  only 
a s l i g h t  e x t e n t .  In  add i t ion ,  we can conclude t h a t  prevent ion  of a l l  symptoms 
o f  an unfavorable in f luence  o f  weight lessness  cannot be achieved by similar 
methods bu t  must be devised on a complex b a s i s .  
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Experience i n  us ing  methods of  phys i ca l  t r a i n i n g  under space f l i g h t  con- - /84 
d i t i o n s  i s  s t i l l  l imi t ed  [25, 37, 81, 143, 1721, bu t  t h e r e  i s  no doubt as t o  
t h e  d e s i r a b i l i t y  o f  i t s  f u r t h e r  use i n  weight lessness .  
"Gemini-7" s p a c e c r a f t ,  who performed e x e r c i s e s  with i somet r i c  con t r ac t ions ,  
showed changes involv ing  t h e  bone t i s s u e  t h a t  were less i n  terms of  quan t i -  
t a t i v e  parameters determined using radiodensi tometry than i n  unt ra ined  cosmo- 
nau t s  [146].  
p o s i t i v e  opinion o f  t h e  use of  methods o f  phys i ca l  t r a i n i n g  i n  f l i g h t  [ 3 6 ] .  
Pre l iminary  r e p o r t s  i n d i c a t e  t h e  success fu l  and e f f e c t i v e  use  of  means and 
methods of  phys ica l  t r a i n i n g  aboard t h e  "Skylab" o r b i t i n g  s t a t i o n .  

The crew of  t h e  

The cosmonauts aboard t h e  "Salyut" o r b i t i n g  s t a t i o n  had a 

The ques t ion  of t h e  na tu re ,  i n t e n s i t y  and even t h e  need f o r  increased  
phys ica l  t r a i n i n g  o f  cosmonauts during t h e  p r e f l i g h t  pe r iod  i s  less c l e a r .  
Opinions regarding t h i s  po in t  a r e  p a r t i a l l y  con t r ad ic to ry .  
t h e o r e t i c a l  s t andpo in t ,  one might conclude t h a t  a phys ica l ly  less t r a i n e d  
organism, with a l l  o t h e r  condi t ions equal  (sex,  age,  e t c . )  would adapt b e t t e r  

From the  pu re ly  

51 



t o  a shor tage  of  muscular a c t i v i t y  than one t h a t  w a s  h ighly  t r a i n e d .  I t  has  
been mentioned t h a t  an abrupt  cessation of t r a i n i n g  on t h e  p a r t  o f  q u a l i f i e d  
a t h l e t e s  o f  i t s e l f  w i l l  l ead  t o  d is turbance  of metabolism, t h e  func t ions  o f  t h e  
nervous,  card iovascular  and o the r  systems. 
f l i g h t s  a r e  concerned are nonexis tent  i n  t h e  opinion of  some authors  [69,  701. 
Planned phys ica l  p repa ra t ion  f o r  weight lessness  condi t ions  i s  considered 
necessary,  with p a r t i c u l a r  s ign i f i cance  be ing  a t t r i b u t e d  t o  t h e  genera l  t o l e r -  
ante as a f a c t o r  t h a t  i nc reases  the r e s i s t a n c e  o f  t h e  organism t o  prolonged 
hypodynamia. Reports e x i s t  which s t a t e  t h a t  a t h l e t e s  can wi ths tand  hypodynamia 
b e t t e r  than unt ra ined  persons and t h e  recovery o f  t h e  o r i g i n a l  condi t ion  t akes  
p l ace  r e l a t i v e l y  more r ap id ly  i n  them [49].  
immersion, i n h i b i t i o n  o f  t h e  d i u r e t i c  r e a c t i o n  and a h ighe r  degree of  resist- 
ance t o  t h e  effects o f  t e s t s  were found i n  a t h l e t e s  as compared t o  un t r a ined  
persons [ 1551 . However, t h e  changes involv ing  p r o t e i n s  and e l e c t r o l y t e s  i n  
the  blood were t h e  same f o r  t hese  groups o f  s u b j e c t s  [156] .  
suggested t h a t  t h e  r e f l e x e s  t h a t  r e g u l a t e  t h e i r  volume o f  f l u i d  have adapted 
t o  changes i n  blood volume i n  the  a t h l e t e s ,  s i n c e  t h e  performance of  phys ica l  
e x e r c i s e  i s  f r equen t ly  accompanied by such changes. 

S imi l a r  dangers as far as space 
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In s t u d i e s  involv ing  water 

I t  has been 

Among t h e  con t r ad ic to ry  views on t h e  role o f  t h e  o r i g i n a l  cond i t ion  i n  
a b i l i t y  t o  t o l e r a t e  s t r e s s f u l  in f luences ,  we can f i n d  mention o f  t h e  fact  t h a t  
p re l iminary  phys ica l  t r a i n i n g  does n o t  c o n s t i t u t e  any k ind  o f  advantages as 
far  as to l e rance  t o  g r a v i t a t i o n a l  stresses is concerned ( a c c e l e r a t i o n s  and 
o r t h o s t a t i c  t e s t s )  [166, 2161, although according t o  o t h e r  data a t h l e t e s  can 
wi ths tand  these  effects b e t t e r  than un t r a ined  persons [112 ,  2671. In  t h e  
"detrained" s ta te  and p a r t i c u l a r l y  after s t u d i e s  involv ing  prolonged bed r e s t ,  
t h e  changes i n  t h e  o r t h o s t a t i c  r e s i s t a n c e  and phys ica l  working capac i ty  i n  
a t h l e t e s  showed t h e  same t r ends  and i n t e n s i t y  as i n  un t r a ined  persons [267], 
a l though t h e  n a t u r e  and t h e  level o f  t he  phys ica l  t r a i n i n g  had a d e f i n i t e  
e f f e c t  on t h e  t o l e r a n c e  t o  hypodynamia [SO]. 
of  phys i ca l  exe rc i se s  wi th  o r t h o s t a t i c  t r a i n i n g  does a s u f f i c i e n t l y  good job  of 
prepar ing  t h e  organism f o r  t h e  condi t ions  o f  hypodynamia [236]. 
t r a i n e d  rats showed h i g h e r  r e s i s t a n c e  t o  hypodynamia only dur ing  t h e  i n i t i a l  
pe r iod  of t h e  experiment,  while  a t  subsequent s t a g e s  t h e  changes i n  t h e  nuscu- 
l a r  and motor nerve f i b e r s  became more pronounced i n  them than  they  d i d  i n  t h e  
un t r a ined  animals [41] .  

I t  i s  f e l t  t h a t  t h e  combination 

Previously 

Hence, t he  very important  problem o f  determining t h e  optimum level o f  
phys i ca l  t r a i n i n g  i n  t h e  p r e f l i g h t  p e r i o d  i s  s t i l l  e v i d e n t l y  awai t ing  i t s  
experimental  s o l u t i o n .  
da t ions  with r e spec t  t o  t h i s  problem may. d i f f e r  s i g n i f i c a n t l y  as far  as 
f l i g h t s  o f  varying du ra t ions  are concerned. 
whether o r  no t  it w i l l  be necessary t o  correct systems of  phys i ca l  t r a i n i n g  
in tended  f o r  t h e  f l i g h t  i t se l f  with cons idera t ion  o f  t h e  fact  t h a t  phys i ca l  
condi t ion  of t h e  crew w i l l  cons t an t ly  be d e t e r i o r a t i n g  i n  comparison with t h e  
p r e f l i g h t  level .  In  t h e  course of prolonged ground tests,  s i t u a t i o n s  occasion-  
a l l y  developed i n  which t h e  amount o f  stress which w a s  completely s a t i s f a c t o r y  
i n  t h e  i n i t i a l  s t a g e  o f  hypodynamia became excessive a t  later s t a g e s  and l e d  
t o  t h e  development o f  symptoms of  ove r t r a in ing .  
ques t ion  should a l s o  be  t h e  sub jec t  o f  a s p e c i a l  s tudy .  

In  t h i s  connection we cannot exclude t h a t  recommen- 

I t  is  a l s o  no t  completely clear 

I t  i s  p o s s i b l e  t h a t  t h i s  
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In  a system o f  p reven ta t ive  changes, due more or less t o  a lack o f  weight 
stress on t h e  support-motor apparatus ,  o t h e r  methods o f  a f f e c t i n g  var ious  
branches o f  t h i s  pa thogenet ic  chain may be  used. E l e c t r i c a l  s t i m u l a t i o n  o f  
t he  muscles, t h e  use  of hormonal p repa ra t ions  t h a t  normalize p r o t e i n  and 
calcium metabolism, and var ious  methods o f  i n c r e a s i n g  t h e  r e s i s t a n c e  o f  t h e  
organism t o  i n f e c t i o n s  appear promising i n  t h i s  r e s p e c t  [ 9 2 ,  103, 2071.  
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Hence, with r e spec t  t o  t h e  prevention o f  hypodynamic syndrome, t h e r e  i s  a 
completely r e a l i s t i c  s t r u c t u r a l  basis which c o n s i s t s  i n  t h e  development of  
cons tan t  and v a r i a b l e  stress on the bone and muscle apparatus  as well as t h e  
use of pharmacological prepara t ions .  

O f  course,  t he  ac t ion  of  most o f  t h e  above mentioned p reven ta t ive  measures 
is  not  s t r i c t l y  s e l e c t i v e  bu t  f r equen t ly  extends t o  combined branches o f  
pathogenesis  and thereby goes beyond the  limits o f  t h e  proposed c l a s s i f i c a t i o n  
which emphasizes only the  primary e f f e c t s  f o r  which a s p e c i f i c  measure was 
designed.  
t h e  body, i n  add i t ion  t o  r e d i s t r i b u t i o n  o f  t h e  blood,  i s  likewise accompanied 
by an a x i a l  load on t h e  organism, whose magnitude and p o i n t  of  a p p l i c a t i o n  are 
determined by t h e  c h a r a c t e r i s t i c s  o f  t h e  design o f  t h e  vacuum con ta ine r  used. 
In  a d d i t i o n ,  decompression of the  lower h a l f  o f  t h e  body can create sensa t ions  
t h a t  a r e  c h a r a c t e r i s t i c  of t he  ac t ion  o f  t he  fo rce  of g r a v i t y .  The use of  a 
vacuum con ta ine r  dur ing  bed rest c r e a t e s  i n  p a r t i c u l a r  t he  f e e l i n g  of  be ing  i n  
a v e r t i c a l  p o s i t i o n .  Another example o f  a p reven ta t ive  measure t h a t  has  a 
broad spectrum of  a c t i o n  and i s  d i r e c t e d  e s s e n t i a l l y  toward a l l  t r i g g e r i n g  
mechanisms f o r  changes a s soc ia t ed  wi th  weight lessness  is  t h e  use  of  onboard 
c e n t r i f u g e s  with s h o r t  arms. Nevertheless ,  a t  t h e  cu r ren t  s ta te  of  o u r  know- 
ledge ,  no t  t o  mention t h e  methodological and t echn ica l  equipment, t h e  achieve-  
ment o f  r e l a t i v e l y  harmonious p reven ta t ive  effects  may be  achieved only by 
us ing  a number o f  p reven ta t ive  measures aimed a t  va r ious  branches o f  t h e  
pa thogenet ic  cha in .  

For example, t h e  e f f e c t  o f  nega t ive  p re s su re  on t h e  lower h a l f  o f  

- /88 

4 .  Methods of  Nonspecific Prevention 

Within t h e  t o t a l  system of prevent ive  measures, it i s  a l s o  necessary  t o  
t a k e  i n t o  account t he  p o s s i b i l i t y  o f  an i nc rease  i n  t h e  nonspec i f i c  r e s i s t a n c e  
o f  t h e  organism. One o f  t h e  obvious t r ends  i n  t h i s  d i r e c t i o n  c o n s i s t s  i n  t h e  
decrease  o f  t h e  harmful effects of t h e  s t r e s s  f a c t o r s  i n  space f l i g h t .  For 
example, t he  s e v e r i t y  o f  t h e  ves t ibu lo -vege ta t ive  symptoms may cause a d d i t i o n a l  
dehydrat ion and a s then iza t ion  o f  t h e  organism i n  f l i g h t .  
t h e  system f o r  p r e f l i g h t  s e l e c t i o n  as well as t h e  v e s t i b u l a r  t r a i n i n g  o f  t h e  
crew, i n  add i t ion  t o  measures aimed a t  s t a b i l i z a t i o n  o f  t h e  s p a c e c r a f t  them- 
selves, may be  viewed as one of the cond i t ions  t h a t  i n d i r e c t l y  ensure b e t t e r  
t o l e r a n c e  o f  weight lessness .  A decrease i n  n o i s e  level ,  op t imiza t ion  of  
temperature ,  development of appropr ia te  hygienic  and l i v i n g  conveniences can 
a l s o  promote t h i s .  The use  o f  l i g h t  c l o t h i n g  t o  be worn dur ing  f l i g h t  i n s t e a d  
o f  always wearing space s u i t s  would decrease  t h e  symptoms of  t h e  unfavorable  
in f luence  of weight lessness  f o r  a 14-day f l i g h t  i n  comparison with one l a s t i n g  
8 days [143]. 

In  t h i s  connect ion,  
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Considerable importance as f a r  as prevent ion  o f  a s t h e n i z a t i o n  is concerned 
a t t a c h e s  t o  s u f f i c i e n t  water  usage, complete and well balanced d i e t .  In con- 
nec t ion  with observa t ions  t h a t  i nd ica t e  an inc rease  i n  exc re t ion  of  vi tamins 
from t h e  organism dur ing  prolonged hypodynamia, vi tamin s a t u r a t i o n  of  t he  d i e t .  
fed  the  cosmonauts had t o  be  increased  [103].  Data are a v a i l a b l e  i n d i c a t i n g  
t h e  value of  a d d i t i o n a l  adminis t ra t ion  o f  calcium and potassium i n  t h e  d i e t  
because t h e i r  l o s s e s  increased  during weight lessness  [143, 1533. Judging by 
t h e  r e s u l t s  of  ground s t u d i e s ,  adding phosphates t o  t h e  food r a t i o n  decreases  
both t h e  exc re t ion  of u r i n e  and t h e  l o s ses  of  calcium from the  blood serum. 
The t a s t e  c h a r a c t e r i s t i c s  o f  food and d r inks  i n  t h e  d i e t  se rved  aboard t h e  
c r a f t  m u s t  ensure s t imu la t ion  o f  an a p p e t i t e  t h a t  has  been reduced as a r e s u l t  
o f  weight lessness .  

- /89 

The general  s t a t e  o f  t h e  cosmonauts, weighed down dur ing  t h e  f l i g h t s  by 
i n t e n s i v e  p ro fes s iona l  a c t i v i t y ,  can depend t o  a l a r g e  e x t e n t  on t h e  develop- 
ment and s e v e r i t y  of f a t i g u e .  I n  t h i s  connection, i t  is  necessary  t o  cons ider  
t h e  need t o  provide appropr i a t e  condi t ions f o r  rest and e s p e c i a l l y  s l e e p  whose 
du ra t ion  during f l i g h t  (according t o  c e r t a i n . d a t a )  amounts t o  no more than 
5-6 hours a day [143, 1471. For purposes o f  prevent ing  genera l  a s then iza t ion  
and undes i rab le  changes i n  mood on t h e  p a r t  o f  members o f  A n t a r c t i c  expe- 
d i t i o n s ,  Sovie t  s c i e n t i s t s  r ecen t ly  t e s t e d  so -ca l l ed  "recovery prepara t ions" ,  
which included t h e  fo l lowing  ing red ien t s :  a sco rb ic  a c i d ,  glucose,  phyt in ,  
l i p o c e r e b r i n ,  calcium pangamate, thiamine bromide, methionine,  calcium panto- 
t hena te ,  n i c o t i n i c  a c i d ,  r i b o f l a v i n ,  g lu taminic  a c i d  and elenium [213]. By 
means o f  an EEG it was es t ab l i shed  t h a t  t hese  p repa ra t ions  reduce t h e  s e v e r i t y  
o f  t h e  unfavorable  changes involving b r a i n  a c t i v i t y  as we l l  as t h e  behavior  o f  
i nd iv idua l s  which occur  under the in f luence  of  prolonged exposure t o  condi t ions  
o f  sensory depr iva t ion  and stress.  Although t h e s e  r e s u l t s  were obta ined  under 
t e r res t r ia l  condi t ions  a t  low a l t i t u d e s ,  a s s o c i a t e d  wi th  moderate hypoxia, t h e  
p o s s i b i l i t y  o f  u s ing  them on space f l i g h t s  must be considered.  

The r o l e  o f  a d d i t i o n a l  f a c t o r s  t h a t  i n t e n s i f y  t h e  r e a c t i o n  o f  t h e  organism 
t o  weight lessness  can a l s o  be evaluated on t h e  b a s i s  of  t h e  r e s u l t s  o f  s t u d i e s  
performed aboard b i o s a t e l l i t e s  191, 135, 2331. Rather s e r i o u s  problems t h a t  
were observed i n  experimental  animals dur ing  t h e s e  experiments ev iden t ly  were 
no t  caused by weight lessness  a lone b u t  a l s o  by condi t ions  involv ing  r i g i d  
immobil izat ion,  l o s s  o f  a p p e t i t e ,  and i s o l a t i o n .  I t  may be  t h a t  t h e  decrease 
i n  t h e  harmful effects a s soc ia t ed  with space f l i g h t  l i kewise  decreases  t h e  
unfavorable  in f luence  o f  weight lessness  on t h e  organism. 

Another p o s s i b l e  approach t o  inc reas ing  t h e  nonspec i f i c  r e s i s t a n c e  o f  t h e  
organism t o  t h e  a c t i o n  o f  weight lessness  may c o n s i s t  i n  us ing  t h e  measures 
aimed a t  hardening,  widely used under terrestrial condi t ions ,  u s ing  genera l  
u l t r a v i o l e t  i r r a d i a t i o n  and acc l ima t i za t ion  t o  h igh  a l t i t u d e  condi t ions  [15, 
19, 72, 2191. In  experiments involving s imula t ion  o f  weight lessness ,  t he  
a c t i o n  of  hypoxia prevented t h e  decrease i n  t h e  mass o f  e ry th rocy te s ,  bu t  d id  
n o t  prevent  plasma l o s s  [256];  there was a l s o  a decrease  i n  t h e  exc re t ion  of 
e l e c t r o l y t e s ,  t o t a l  n i t r o g e n  w i t h  t h e  u r i n e  and deminera l iza t ion  o f  bone 
t i s s u e  [226]. Phys io logica l  r eac t ions  t o  hypoxia are viewed as counter  
r e a c t i o n s  i n  t h e  hypodynamic syndrome and are similar t o  r e a c t i o n s  t o  phys ica l  
t r a i n i n g  [219, 2621. I t  i s  obvious t h a t  i n  t h e  t o t a l  p i c t u r e  o f  p reven ta t ive  
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measures, p e r i o d i c  changes i n  t h e  gas composition and o t h e r  parameters  o f  t he  
environment may f i n d  j u s t i f i a b l e  usage i n  t i m e  [34 ] .  

These methods o f  nonspec i f ic  prevent ion  a r e  be ing  used i n  p a r t  i n  modern - /91 
programs f o r  space exp lo ra t ion .  
and c r e a t i n g  improved l i v i n g  condi t ions aboard them is  c o n t r i b u t i n g  markedly 
t o  a reduct ion  o f  unfavorable r eac t ions  t o  weight lessness .  However, t h e  
p o t e n t i a l  f o r  i nc reas ing  to le rance  t o  t h i s  space f l i g h t  f a c t o r  has  been far  
from exhausted and t h e  search f o r  e f f e c t i v e  methods of  nonspec i f i c  prevent ion  
must go on. 

Increas ing  t h e  i n t e r n a l  volume o f  s p a c e c r a f t  

In  winding up ou r  d iscuss ion  of experimental  d a t a  c h a r a c t e r i z i n g  t h e  
p r a c t i c a l  p o s s i b i l i t i e s  of prevent ing unfavorable  in f luences  of  weight lessness  
on t h e  human organism, we must mention once again t h a t  t h e  success fu l  s o l u t i o n  
o f  t h i s  problem can be achieved by means of a number o f  p reven t ive  measures 
t h a t  a f f e c t  var ious  branches o f  the pa thogenet ic  cha in .  

I n i t i a l  experience i n  t e s t i n g  such a conbinat ion dur ing  t h e  f l i g h t  o f  t h e  
Y3alyut" o r b i t i n g  s t a t i o n  i n d i c a t e s  t h a t  selective approaches and s t r u c t u r i n g  
o f  prevent ive  measures was adequate [ 3 6 ] .  The crew w i l l i n g l y  used t h e s e  
devices ,  inc luding  a t r a i n e r  f o r  phys ica l  exe rc i se ,  a vacuum con ta ine r  f o r  t h e  
lower h a l f  o f  t h e  body, and g - s u i t s .  Although i t  i s  n o t  p o s s i b l e  now t o  
eva lua te  t h e  e f f e c t i v e n e s s  o f  these  measures, it must b e  poin ted  ou t  t h a t  t h e  
first p r a c t i c a l  s t e p s  toward t h e  achievement of f u r t h e r  progress  i n  t h i s  
f i e l d  o f  space medicine have a l ready  been taken.  
approach t o  dev i s ing  a sys t em o f  prevent ive  measures, judging by t h e  p re l imi -  
nary  r e p o r t s  i n  t h e  p re s s ,  was c l e a r l y  demonstrated on t h e  28 and 59-day 
f l i g h t s  of  t he  crews aboard the  "Skylab" o r b i t i n g  s t a t i o n .  

vent ion  of  t h e  unfavorable  inf luence  of  prolonged weight lessness .  

The success  o f  t h e  complex 

However, s t i l l  more 
/9i  e f f o r t  and time w i l l  be  r equ i r ed  f o r  a f i n a l  s o l u t i o n  t o  t h e  problem of  pre-  - 



CONC LUS IONS - / 93  
I 

The r e s u l t s  ob ta ined  during the  space f l i g h t s  and l abora to ry  s t u d i e s  t h a t  
have been completed have shown t h a t  man i s  capable  of  wi ths tanding  t h e  e f f e c t s  
o f  reduced weight or weight lessness  f o r  s e v e r a l  weeks .  Already i n  t h e  course 
o f  t h e  f i r s t  decade s i n c e  t h e  beginning o f  t he  conquest of  space by man, more 
than 50 a s t ronau t s  and cosmonauts have p a r t i c i p a t e d  i n  f l i g h t s  t h a t  add up t o  
more than a yea r  i n  a l l .  
mysterious and hidden f a c t o r  i n  many r e s p e c t s .  
made it poss ib l e  t o  d i sca rd  a number o f  false t h r e a t s  and d i scove r  t h e  e x i s t -  
ence of  real  ones r e s u l t i n g  from t h e  in f luence  of weight lessness  on t h e  human 
organism, have replaced a va r i e ty  o f  hypotheses.  However, t h e  most important 
c h a r a c t e r i s t i c  of  s c i e n t i f i c  research ,  r e l a t e d  t o  weight lessness ,  has been no t  
only t h e  ana lys i s  o f  r e s u l t s  o f  previous f l i g h t s  b u t  a l s o  t h e  de te rmina t ion  of  
t h e  p o s s i b i l i t y  o f  f u r t h e r  increases  i n  t h e i r  du ra t ion .  

This means t h a t  weight lessness  has ceased t o  be  a 
S c i e n t i f i c  f a c t s  which have 

A r e t r o s p e c t i v e  ana lys i s  of  t h e  s t a t e  of t he  a r t  i n d i c a t e s  t h a t  t h e  l e v e l  
o f  s c i e n t i f i c  t h e o r e t i c a l  thought a t  a l l  s t a g e s  of  development o f  cosmonautics 
has  been s u f f i c i e n t  t o  s a t i s f y  t h e  p r a c t i c a l  requirements i n  a t i m e l y  fash ion .  
Long be fo re  t h e  p r a c t i c a l  need f o r  e l imina t ing  t h e  unfavorable  e f f e c t s  of pro- 
longed weight lessness  on the  human organism a rose ,  l a b o r a t o r i e s  i n  the  USA and 
t h e  USSR had a l ready  begun t e s t i n g  e f f e c t i v e  prevent ive  measures. I t  was pre-  
c i s e l y  t h e  development of t hese  measures t h a t  makes it p o s s i b l e  a t  t h e  p re sen t  
time t o  p l an  f o r  space f l i g h t s  of i nc reas ing  du ra t ion .  However, as the  length  - /94 
o f  t h e  f l i g h t s  i nc rease ,  new problems may arise. This f a c t  makes even more 
important  t he  s i g n i f i c a n c e  of f u r t h e r  s t u d i e s  l i nked  t o  t h e  e f f e c t s  o f  weight- 
l e s s n e s s  on t h e  human organism. 

In  t h i s  connection, fou r  areas  o f  medical b i o l o g i c a l  research  have been 
de f ined .  The f i r s t  c o n s i s t s  o f  a s tudy  of  t h e  mechanisms which l ead  t o  
d i s tu rbances  involving t h e  card iovascular  system as wel l  as changes i n  t h e  
d e n s i t y  of  t h e  bones and the  muscle mass, changes i n  t h e  f l u i d  volume i n  t h e  
organism, o r t h o s t a t i c  i n s t a b i l i t y ,  reduced phys ica l  working capac i ty  and 
genera l  a s then iza t ion .  The dura t ion  and f i n a l  r e s u l t s  o f  t h e s e  d is turbances  
have s t i l l  no t  been e s t a b l i s h e d .  

Ser ious  a t t e n t i o n  must b e  pa id  on an ongoing b a s i s  by r e s e a r c h e r s  t o  t h e  
s tudy  of  t h e  c i r c u l a t i o n  of t h e  blood dur ing  weight lessness .  
f i l l i n g  of t h e  ves se l s  i n  t h e  l e s s e r  c i r c u l a t i o n  with blood i n  t h e  absence of  
h y d r o s t a t i c  p re s su re  can t h e o r e t i c a l l y  l e a d  t o  spasms o f  t h e  a r t e r i o l e s ,  i n -  
c reased  p res su re  i n  t h e  pulmonary a r t e r y  (Kitayev r e f l e x )  [64 ]  and an inc rease  
i n  t h e  load on t h e  r i g h t  v e n t r i c l e .  S ince  t h i s  theory i s  i n  agreement with 
exper imenta l ly  obta ined  d a t a  concerning t h e  inc rease  i n  c e n t r a l  venous p re s su re  
i n  monkeys i n  a s t a t e  of weight lessness  and with t h e  e l ec t roca rd iog raph ic  re- 
cordings i n d i c a t i n g  an inc rease  i n  t h e  load  on the  r i g h t  v e n t r i c l e  dur ing  bed 
res t ,  t h e  p o s s i b l e  consequences o f  t h e s e  c i r c u l a t o r y  changes must be sub jec t ed  
t o  a c l i n i c a l - p h y s i o l o g i c a l  eva lua t ion .  

Increased 

The second area involves  the ne rve - re f l ex  and sensory changes a s soc ia t ed  
wi th  t h e  s t a t e  o f  weight lessness  or t h e  t rans i l t ion  t o  i t .  P a r t i c u l a r  
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a t t e n t i o n  should be pa id  t o  cases o f  development of  motion s i ckness  which - /95 
depends p r i m a r i l y  on the  v e s t i b u l a r  r e a c t i o n s  t o  weight lessness .  Although some 
cosmonauts have no t i ced  a d e t e r i o r a t i o n  o f  t h e i r  mood dur ing  space f l i g h t ,  they  
recovered during the  per iod  o f  time they, were exposed t o  weight lessness .  
r e l a t i o n s h i p  between ind iv idua l  to le rance  t o  motion s i ckness  on Earth and i n  
weight lessness  i s  s t i l l  n o t  c l ea r .  The combined e f f e c t  o f  weight lessness  
toge the r  with o t h e r  environmental condi t ions  such as microcl imate ,  sensory 
depr iva t ion ,  l i m i t e d  mobi l i ty  and emotional f a c t o r s ,  i s  s t i l l  unc lea r .  In  t h i s  
connection, i t  i s  necessary t o  study and check va r ious  concepts and models o f  
s yn e r g  i s m . 

The 

The t h i r d  area o f  s tudy involves processes  o f  adap ta t ion  t o  weight less -  
ness ,  p a r t i c u l a r l y  eva lua t ion  of dynamics and p o s s i b l e  consequences. On the  
b a s i s  o f  experimental  and t h e o r e t i c a l  d a t a ,  var ious  systems and func t ions  o f  
the  organism have been def ined which in f luence  t h e  adapta t ion  process .  The 
experience of  t e r r e s t r i a l  s tud ie s  involv ing  s imula ted  weight lessness  i n d i c a t e  
t h a t  dur ing  a per iod  of  1 - 2  months t h e  process  o f  adap ta t ion  i s  s t a b i l i z e d  t o  
a large e x t e n t ,  al though t h e r e  i s  a s imultaneous i n c r e a s e  i n  t h e  danger o f  
new l i m i t a t i o n s  which may arise i n  t h e  course o f  t h e  f l i g h t  i t s e l f .  These 
l i m i t a t i o n s  may inc lude  g r e a t e r  p o s s i b i l i t y  o f  i l l n e s s  than  p rev ious ly  [134],  
p a r t i c u l a r l y  i n  connection with a decrease  i n  immunity, as well as a develop- 
ment o f  changes i n  t h e  neuro-emotional sphere .  Changes i n  t h e  r eadap ta t ion  
pe r iod  of  a q u a l i t a t i v e  na tu re  probably w i l l  no t  d i f f e r  s i g n i f i c a n t l y  from 
what i s  a l ready  known i n  t h i s  respec t .  However, t h e  q u a n t i t a t i v e  na tu re  of a 
number o f  changes ( f o r  example, deminera l iza t ion  o f  t h e  bones, muscular 

In  s h o r t ,  a p r e d i c t i o n  based on the r e s u l t s  o f  model experiments w i l l  doubt- 
l e s s  r equ i r e  f u r t h e r  refinement and c o r r e c t i o n  on t h e  b a s i s  of  r e s u l t s  o f  
a c t u a l  f l i g h t s  o f  i nc reas ing  dura t ion .  

a t rophy,  e t c . )  may inc rease  if  appropr ia te  p reven t ive  measures a r e  not  taken .  - /96 

A t  t he  p r e s e n t  time, schematic models o f  t h e  adap ta t ion  process  have been 
devised  i n  which many o f  t h e  cu r ren t ly  a v a i l a b l e  d a t a  can be s o r t e d  out  i n t o  
a l o g i c a l  r e l a t i o n s h i p .  As new information i s  gained,  t h e s e  models obviously 
w i l l  make it p o s s i b l e  t o  determine more p r e c i s e l y  t h e  r o l e  of  t h e  r e spons ib l e  
mechanisms t h a t  form t h e  b a s i s  of t h e  adap ta t ion  process  and w i l l  thereby  
supply important  information necessary f o r  e f f e c t i v e  prevent ion  and therapy.  
Inasmuch as t h e  d a t a  obta ined  under l abora to ry  condi t ions  and dur ing  f l i g h t s  
c o r r e l a t e d  with one another  we can c o n d i t i o n a l l y  answer t h e  ques t ion  o f  t h e  
adequacy and va lue  of t h e  experiments s imula t ing  the  s ta te  of  weight lessness  
which are performed on Ear th .  

The fou r th  a r e a  o f  research  inc ludes  development, t e s t i n g  and improvement 
of systems for prevent ing  the  unfavorable in f luence  of  prolonged weight less -  
nes s  on t h e  human organism for the purpose o f  i n c r e a s i n g  t h e  s a f e t y  of  f l i g h t s ,  
t h e  working capac i ty  o f  t h e  crew and t h e  e f f e c t i v e n e s s  o f  space missions.  
t h e  b a s i s  of  a v a i l a b l e  d a t a  we can conclude t h a t  t h e  degree of adapta t ion  of 
cosmonauts t o  weight lessness  and t h e  d e t e r i o r a t i o n  of  t o l e rance  t o  g rav i -  
t a t i o n a l  e f f e c t s  t h a t  r e s u l t s  from i t  may be  r egu la t ed  i n  d i f f e r e n t  ways. The 
program o f  medical prevent ive  measures which i s  planned for long space f l i g h t s  
are combinations of  e f f e c t i v e  p ro tec t ive  measures and can e l imina te  t h e  need 

On 
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f o r  a r t i f i c i a l  g r a v i t a t i o n  aboard t h e  s p a c e c r a f t .  However, i n  o rde r  t o  have 
a t imely use and s t anda rd iza t ion  o f  prevent ive  e f f e c t s ,  i t  i s  necessary t o  con- 
t i n u e  the  s t u d i e s  ai.med a t  working out optimum methods o f  medical monitoring 
of t he  condi t ion  of  hea l th  of the crew members i n  f u t u r e  space f l i g h t s ,  

In o rde r  t o  ob ta in  adequate information on t h e  problem o f  weight lessness ,  
i t  i s  necessary t o  develop an appropriate  program of  s c i e n t i f i c  research  and 
t o  ca r ry  i t  out both on f l i g h t s  and under t e r r e s t r i a l  cond i t ions .  I t  i s  
necessary t o  put  t oge the r  a more accu ra t e  system o f  measurement which w i l l  
correspond t o  equipment and instruments used f o r  s t u d i e s  during f l i g h t s  as wel l  
as t o  invent  and in t roduce  i n t o  p r a c t i c e  new informat iona l  func t iona l  t e s t s .  
I t  i s  necessary t o  cont inue the  discovery of  b i o l o g i c a l  f a c t o r s  upon which t h e  
development of  processes  involved i n  t h e  d e t r a i n i n g  o f  t h e  organism dur ing  
weight lessness  depend as we l l  as t h e  r e s t o r a t i o n  of  t h e  func t ions  o f  the  
organism. S ince  the  r e l i a b i l i t y  o f  t h e  "human f a c t o r ' '  on long space f l i g h t s  
i s  equal ly  important  as t h e  r e l i a b i l i t y  o f  space technology, we can only hope 
t h a t  s c i e n t i f i c a l l y  well founded methods o f  so lv ing  medical and b i o l o g i c a l  
problems t h a t  follow from t h e  inf luence  o f  prolonged weight lessness  on the  
human organism w i l l  be found and u t i l i z e d  i n  time. 

The au thors  express  t h e i r  profound apprec ia t ion  t o  t h e i r  co l leagues ,  
L .  I .  Kakurin, E .  C.  Wortz, D .  E.  Hewes, J .  M. Chr i s t i ansen ,  H .  J .  Von Beckh, 
who p a r t i c i p a t e d  i n  the  prepara t ion  of  t h e  surveys and o t h e r  in format iona l  
d a t a  f o r  t h e  p re sen t  chap te r  i n  the s t a g e  of p repa ra t ion  of  t h i s  pub l i ca t ion .  
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